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P60- KATANİ N’İ N KLONLAMASI VE EKSPRESYONU  
 
 
ÖZET 
 
 
Kat ani n mi krot übülleri  parçal ayan bir  pr ot ei ndir.  60 ve 80 kDa’l uk poli pepti dl erden 
ol uşan bu het erodi meri k pr ot ei n,   st abil  mi krot übülleri  parçal ayabil mek içi n ATPye  i hti yaç 
duyar.  Kat ani ni n bi yol ojik r ol üne geli nce,  bu pr otei ni n mit ozda öne mli dir.  Kat ani n,  mit ozda 
mi kr ot übülleri n eksi  uçları nı n bağlı  ol dukl arı  sentrozoml ardan  ayrıl masına aracı  ol makt adır 
ve böyl ece mi krot übüllere bağl anmı ş  ol an kr omozo ml arı n akışı  sağl anmakt adır. 
Mi kr ot übülleri n sentrozo ml ardan ayrıl ması  sinir  hücrel eri nde çok öne mli dir.  Serbest 
mi kr ot übüller  uzayan aksonl ara t aşı nmakt adır  ve burada akson i çi n gerekli  ol an fi zi ksel 
dest eği  sağl a makt adırlar.  Mi krot übülleri n di ğer bir  görevi  de or ganelleri n t aşı nması nda 
sübstrat vazifesi gör mekt ir.  
Kat ani n i ki  alt  üniteden ol uş makt adır,  onl arı n i si ml eri  mol ekül er  ağırlı kları na göre 
belirlenmi ştir.  Kat ani ni n alt  üniteleri ni n araştırılması  bu enzi mi n akti vitesi ni n ve r oll eri ni n 
daha i yi  anl aşıl ması nı  sağl ayacaktır.  p80 ve p60 anti korları  bu araştır malarda kullanıl acaktır. 
Monokl onal  anti kor  polikl onal  anti kora t erci h edil mekt edir,  çünkü monokl onal  anti kor 
neredeyse bit meyen bir  anti kor  kaynağı dır  ve t ek bir  epit op t anı yabil me özelli ği ne sahi ptir. 
p60’ı n ekspresyonu gerçekleştiril mi ş  ol ması na r ağmen,  pr ot ei n çözün müş  hal de el de 
edile me mi ştir. Bu durum monokl onal anti kor üretimi ni zorlaştır makt adır.  
Bu çalış mada küçük (600 kb)  özel  bir  p60-katani n kı s mı  ekspresyon vekt örüne  
kl onl anarak ekspresyonu gerçekl eştirildi.   Ekspres  edilen pr ot ei n çözün müş  hali nde 
bul unmakt adır.  Sonuçt a üretilen çözün müş  pr ot ein i mmobilize met al  afinite kr omat ografisi 
yönt e mi yl e doğal şartlar altı nda saflaştırıldı. 
Bu pr oj eni n sonraki  aşamal arı nda  da reko mbi nant  p60- kat ani ni  kullanılarak monokl onal 
anti kor  üretilecektir.  Ür etilen anti korun p60 kat ani n i nhi bisyonu,  p60’ kat ani ni n 
ekspresyonunun ve l okalizasyonun i n vi vo gözlenmesi  gi bi  pek çok geniş  kullanı m al anı 
ol acaktır.  Bu çalış mal ar mi kr ot übüller  ve kat aninle il gili  hast alı kları nı n anl aşılabil mesi ni 
sağlayacaktır ve  hatta belki uzun vadede bu hast alıkları n i yileştiril mesi nde kullanılacaktır.  
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P60- KATANI N CLONI NG AND EXPRESSI ON  
 
 
SUMMARY 
 
Kat ani n i s  a  mi crot ubule severi ng pr ot ei n.  Thi s het erody meri c pr ot ei n (60 and 80kDa 
pol ypepti des)  requires  ATP t o sever  and di sasse mbl e st abl e mi crotubul es.  Kat ani n i s 
i mportant  i n mit osis,  it  medi at es  t he di sasse mbl y of  mi crot ubul e mi nus  ends  duri ng pol e war d 
flux.  Rel ease of  mi crot ubul es  from centrosome  i s  also essential  i n neuronal  cells.  Rel eased 
mi crot ubul es  are transported i nt o gr owi ng axons  where t hey pr ovi de architect ural  support  and 
a substrate al ong whi ch organelles are transported in bot h directi ons wit hi n the axon.  
Kat ani n consists of  t wo subunits:  p60 and p80 whi ch were na med accor di ng t o t heir 
mol ecul ar  wei ght.  St udies  of  kat ani n’s  subunits woul d enabl e us  t o understand acti vit y and 
roles  of  kat ani n better. Anti bodi es  agai nst  p80 and p60 will  be used i n t hese st udi es. 
Monocl onal  anti bodi es  are preferred agai nst  pol ycl onal  anti bodi es  si nce they are an al most 
infi nite source of  antibodi es  and recogni ze one si ngl e epit ope.  However,  expressi on 
experi ments  wit h p60 resulted i n an i nsol ubl e pr otei n until  now and t his  hinders  pr oducti on of 
monocl onal anti body.  
In t his st udy a  short  specific sequence ( 600 kb)  of p60- kat ani n was  expressed aft er  bei ng 
cl oned i nt o expressi on vect or.  Expressed pr ot ein i s  f ound i n t he sol uble fracti on.  Fi nall y, 
sol ubl e prot ei n was purified usi ng met al affi nity chr omat ography under native conditi ons.  
The next  st ep will  be t o pr oduce monocl onal  antibody usi ng recombi nant  p60- kat ani n. 
Pr oduced anti body will  have wi de applicati on area e. g.  i nhi biti on of  p60 subunit,  observati on 
of  p60 i n vi vo expressi on and l ocalization whi ch will  hel p t o understand hu man disor ders 
related t o mi crot ubul es  and kat ani n,  and maybe event uall y even will  be even used t o treat 
the m.    
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1.  I NTRODUCTI ON 
 
1. 1.  Mi crot ubul es and t heir dyna mi cs 
 
Mi cr ot ubul es  are pol ymers made of  repeati ng α/ β-tubuli n het erodi mers.  In cells,  t hey 
are usuall y or gani zed i nto 13 li near  pr ot ofila ments  t o f or m a  cyli ndrical struct ure. 
Mi cr ot ubul es  are nucl eat ed from -t ubuli n cont ai ni ng ri ng struct ures wi t hi n t he 
centrosomes (see Fi g. 1. 1).  
 
 
 
 
 
 
 
 
 
 
 
                                                
A        B 
Fi g.  1. 1:  A.  a mi crot ubul e struct ure.  B.  -t ubuli n ri ng nucl eati ng mi crot ubul e. 
( Al berts et al., 2002) 
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Mi cr ot ubul es  are nucl eated at  t he centrosome  at  their  mi nus  ends,  so t he pl us  ends 
poi nt  out war d and gr ow t owar d t he cell  periphery.  Mi nus  end gr ows  sl ower 
compared t o t he pl us  end and mi nus  end i s  t er minated by α t ubuli n subunits,  whil e 
pl us  end i s  t er mi nated by β subunits.  Mi crot ubules  are i mport ant  i n mai ntai ni ng cell 
shape, in cell transport, cell motility and cell di vision.  
Mi cr ot ubul es  are dyna mic struct ures,  t hey can grow or  shri nk by addi ng or  l oosi ng 
subunits at  t heir  ends  (at t he pl us  end pri maril y).  Thi s  ki nd of  dyna mi cs  i s based on 
the bi ndi ng and hydr ol ysis of  GTP by t ubuli n subunits.  The body of  microt ubul e 
made of  GDP-t ubuli n subunits is  unst able (see Fig. 1. 2).   Tubuli n di mers  at  t he ends 
still  ret ai n t heir  GTP and st abilize mi crot ubule.  When t his  GTP cap i s  l ost, 
mi crot ubul e depol ymeri zes ( Nogal es, 2000; Howard and Hy man 2003).  
 
 
 
 
Fi g.  1. 2:  Model  f or  t he struct ural  consequences  of  GTP hydr ol ysis i n t he mi cr ot ubul e 
lattice. ( Al berts et al., 2002) 
 
Such behavi or  i s  based on t he bi ndi ng and hydr ol ysis of  GTP at  t he nucl eoti de 
exchangeabl e site ( E-site)  on β-  t ubuli n.  Onl y di mers  t hat  have GTP i n t heir 
exchangeabl e E-site can pol ymeri ze,  but  f oll owi ng pol ymeri zati on t his  nucl eoti de i s 
 3 
hydr ol yzed and beco mes non-exchangeabl e ( Heald and Nogal es,  2002;  Gadde and 
Heal d, 2004). 
Si nce t ubuli ns  are preferentiall y i ncorporat ed at  the pl us  end,  and more rapi dl y l ost  at 
the mi nus  end,  a uni directi onal  fl ux,  or  treadmilling,  of  t ubuli n subunits al ong t he 
axis of mi crot ubul e arises ( Mai at o et al., 2004). 
Depol ymeri zati on,  repoly meri zati on,  treadmilli ng charact eristics  can be regul at ed by 
mi crot ubul e associ ated protei ns  ( MAPs).  Traditi onall y,  a pr ot ei n was  consi dered t o 
be a  MAP   i f  it  coul d be co- purified i n vitro with mi crot ubul es  as  a  result  of  direct 
bi ndi ng ( Mai at o et  al., 2004,  Sedbr ook 2004).  MAPs  were shown t o sti mul at e 
mi crot ubul e asse mbl y.  Subsequentl y,  it  was pr oposed t o defi ne MAPs  as 
mi crot ubul es  bi ndi ng pr otei ns  i n vi vo.  No w,  t hey are usuall y defi ned as  prot ei ns  t hat 
bi nd t o mi crot ubul es  and change t heir  st abilit y and mechani cal  properties.  MAPs  are 
not  restricted onl y t o stabilize mi crot ubul es,  some  can medi at e t he i nteracti on of 
mi crot ubul es  wit h ot her cell ular  co mponents  and some  can dest abilize or  severe 
mi crot ubul es.  MAPs  can act  on a  mi crot ubul e directl y,  or  t hey can restrict access  t o 
the mi crot ubul es  t o ot her MAPs  or  mot or  pr ot ei ns by bi ndi ng t o mi cr ot ubule ( Baas  & 
Qi ang,  2005).  A br oad range of  MAPs  f uncti ons suggests  t hat  it  i s  t he coor di nat ed 
acti on of  MAPs  t hat  l eads  t o t he pr oper  mi crot ubul e f uncti oni ng ( Mai at o et  al., 
2004).  Coor di nati on faults may l ead t o di seases, e. g.  Al zhei mer’s  ( Baas & Qi ang, 
2005). 
Why do mi crot ubul es  need t o be dyna mi c? Mi crot ubul es  serve as  hi ghways  al ong 
whi ch cargoes  are transported i n a  cell  (t hey can move vari ous  cell  cont ents  vi a 
speci al  attachment  pr ot eins),  t hey pr ovi de struct ural  support  for  t he cell  and or gani ze 
me mbr anous  or ganelles.  In or der  t o f ulfill  t hese functi ons,  mi crot ubul es  must  f oll ow 
the cell  cycl e,  t he cell  growt h and rearrange t he msel ves  adapti ng t o t he cell  needs  at 
particul ar mo ment. 
One exa mpl e of  mi crotubul es’  rol e requiri ng dyna mi c pr operties  i s  in mi t otic 
spi ndl e.  The spi ndl e consists of  mi crot ubul es  as  well  as  ot her  pr ot ei ns t hat  alter 
mi crot ubul e dyna mi cs.  Mi cr ot ubul es  have t o grow from separat ed centroso mes  and 
capt ure chromosomes  in or der  t o f or m a  spi ndl e.  One model  of  such asse mbl y, 
‘ ‘search and capt ure model’ ’ says  t hat  mi crot ubul es  e manati ng from a  centrosome 
undergo cycl es  of  gr owth and shri nkage,  randoml y pr obi ng t he cyt oplas m until 
runni ng i nt o a ki net ochore,  wit h whi ch t hey f or m a  st abl e attachment.  When 
chromoso mes  segregat e,  t hey are carried t o the di sti nct  pol es  by short eni ng 
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mi crot ubul es.   Anot her  model,  ‘ ‘packman’ ’,  proposes  t hat  t he ki net ochore i nduces 
mi crot ubul e di sasse mbl y at  t he pl us-ends,  but  mai nt ai ns  attachment  as t he fi ber 
depol ymeri zes,  t hus  chewi ng its  way t o t he pole.  The ot her  model  ‘ ‘tracti on fi ber’ ’ 
pr oposes  t hat  pol e- war d mi crot ubul e fl ux i s  harnessed t o move t he chro moso me. 
Act uall y, bot h mechanisms wor k ( Gadde and Heald, 2004).  
Mi cr ot ubul es  have an i mport ant  rol e i n specific acti vities  of  differentiated cells.  I n 
neur ons,  bundl es  of  mi crot ubul es  stretch from t he cell  body t o t he ti ps  of  el ongat ed 
neural  processes  known as  axons  and dendrites. Axon can be a met er  long,  so i f 
mi crot ubul es  woul d be attached t o centrosome,  t hen one mi crot ubul e shoul d be 
stretchi ng f or  a met er.  Ho wever,  i n neur onal  cells (as  well  as  i n ot her  asymmetric 
differentiated cells)  mi crot ubul es  are not  attached t o t he centrosome  ( Keating et  al., 
1997)  and no one mi crotubul e stretches  t he entire l engt h of  t he axon;  i nstead,  short 
overlappi ng segments  of  parallel  mi crot ubul es make t he el ongat ed mi cr ot ubul e 
struct ures.  Mi crot ubul es pr ovi de support  for  t he gr owt h and mai nt enance of  t he 
pr ocess  and al so pr ovi de a  substrate al ong whi ch or ganelles  are transported i n bot h 
directi ons  wit hi n t he axon ( Ah mad and Baas,  1995;  Baas,  2000).  Axonal  transport  of 
or ganelles,  RNA and pr otei n al ong t he mi crot ubules  i s  absol ut el y required for  healt h 
of  neur ons, and so me  hu man diseases  (e. g.  neuronal  degenerati on i n mot or  neur on 
disease)  have t heir  bases i n fault y or  bl ocked axonal  transport  ( Murray & Wol koff, 
2003). 
In bot h above menti oned exa mpl es,  ability of  microt ubul e struct ures  t o move  and 
rearrange t he msel ves  was  essential  for  t heir  functi oni ng.  Ho wever,  t hese dyna mi c 
abilities are not  onl y restricted t o i ntri nsic dynami c charact eristics  of  mi crot ubul es. 
In bot h cases,  severi ng of  mi crot ubul es  and release of  t heir  mi nus  ends  pl ay an 
essential  rol e.  Ot her  exampl es  where severi ng of  mi crot ubul es  pl ay an i mportant  r ol e 
incl ude degradati on of  sper m axone mal  mi crot ubul es  after  fertilizati on of  sea urchi n 
oocyt es,  mi crot ubul e reorgani zati on duri ng t he transiti on from i nt erphase to mit osis 
in di vi di ng cells,  deflagellati on i n Chl amydomonas  ( Lohret  et  al.,  1998,  Quar mby & 
Lohret,  1999).  In additi on,  severi ng fila ments  changes  t he physi cal  and mechani cal 
pr operties  of  t he cyt opl asm:  stiff,  l arge bundl es  and gels  become  more fl ui d when t he 
filaments are severed.  
The mi nus  ends  appearing after  severi ng were never  seen t o gr ow and once havi ng 
begun t o shorten were not  observed t o ret urn t o a st abl e st ate,  differentl y fr om t he 
pl us  end.  It  i s  supposed that  t he mi nus  end i s  pr otect ed by some  specific fact or.   So, 
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cells may pr oduce,  rel ease,  st abilize and t ransport  centrosomal  mi crotubul es  t o 
pr oduce non-centrosomal  arrays  li ke neurons are doi ng,  or  cells may r el ease 
centrosomal  mi crot ubul es  and disasse mbl e at  t he mi nus  end t o co mpl e ment  pl us  end 
dyna mi c i nst ability when r api d reorgani zati on of  mi crot ubul e cyt oskelet on i s  needed, 
e. g. duri ng transiti on from i nt erphase t o mit osis  (Keati ng et al., 1997). 
 
1. 2. Kat ani n 
 
1. 2. 1. AAA protei ns 
 
Kat ani n bel ongs  t o t he AAA superfa mil y.  AAA ATPases  ( ATPases  Associ at ed wit h 
vari ous  cell ul ar  Acti vities)  pl ay i mport ant  rol es  i n nu mer ous  cell ular acti vities 
incl udi ng pr ot eol ysis,  prot ei n f ol di ng,  me mbrane t rafficki ng,  cyt oskel etal  regul ati on, 
or ganelle bi ogenesis,  DNA r eplication and i ntracell ular  motility.  The unifyi ng 
feat ure of  t he AAA superfa mil y i s  an ATP-ase do mai n of  about  220 a mi no aci ds.  It 
incl udes  t he Wal ker  si gnat ure sequences  of  P-loop ATPases  and ot her r egi ons  of 
si milarit y uni que t o AAA pr ot ei ns.   The cl assical AAA pr ot ei ns  are easil y recogni zed 
by t heir  strong sequence conservati on i n t his  do mai n (about  30 % i dentity)  ( Val e, 
2000; Pat el & Latterich, 1998;  Hart man et al., 1998). 
AAA pr ot ei ns  f uncti on as  oli gomers  ( Val e,  2000),  alt hough accor di ng t o Pat el  & 
Latterich ( 1998)   t here are al so mono mers.   I n most  cases  oli gomers  f or m hexa meri c 
ri ngs  ( Val e,  2000).  Katani n exists i n an equilibri um bet ween monomers  and 
oli gomers.  Its  oli gomeri c st ate has  been shown t o be a  hexa meri c ri ng ( Hart man and 
Val e, 1999).  
Ho w do AAA pr ot ei ns use t he ri ng struct ure? ATP bi ndi ng i nduces struct ural 
rearrange ments  at  t he i nterface regi on whi ch i ncreases  i nt eracti ons  bet ween adj acent 
AAA do mai ns  as  well  as  bet ween t he AAA pr ot ein and its  t arget.  This  creates  a  t ense 
state of  t he AAA-t arget  pr ot ei n co mpl ex.  The ti ght er  subunit-subunit  i nt eracti ons  i n 
turn accel erate ATPase reacti on.  Once t he AAA modul es  are i n ADP st at e,  t he 
compl ex reverts t o a relaxed confi gurati on i n whi ch i nt eracti ons  bet ween AAA 
do mai ns  and t he t arget  protei n weaken.  Ri ngs  also pr ovi de a fra me wor k for  bi ndi ng 
target  prot ei n at  multi ple sites.  If  t he ri ng-bi ndi ng sites  change t heir  positions  duri ng 
the ATPase cycl e,  t hen t ensi on coul d be applied to a bound pr ot ei n (see Fi g.  1. 3.) 
( Val e, 2000). 
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Fi g. 1. 3.: Model of confor mati onal change of AAA pr ot ei n ri ng. ( Val e, 2000)  
 
 
1. 2. 2. Struct ure and f uncti ons of katani n 
 
Kat ani n i s  one of  t he MAPs  and it  severes  mi crot ubul es.  It  was  first  purified from sea 
urchi n and charact erized i n 1993 by F. J.  Mc Nally and R. V.  Val e.  They na med t he 
purified pr ot ei n upon ‘ ‘kat ana’ ’,  t he Japanese word f or  sa murai  s wor d.  Katani n i s  a 
het erodi meri c pr ot ei n ( 60 and 80kD pol ypepti des).  It  was  t he first  pr otei n f ound 
whi ch required ATP t o sever  and di sasse mbl e st abl e mi crot ubul es  ( Mc Nal ly & Val e, 
1993).  Lat er  anot her  pr otei n,  spasti n ( Hazan et  al.,  1999)  whi ch i s  rel ated to kat ani n, 
di spl ays  ATPase acti vity and uses  energy from ATP hydr ol ysis t o sever  and 
disasse mbl e mi crot ubul es  li ke kat ani n ( Roll- Mecak & Val e,  2005;  Evans  et  al., 
2005) was i dentified.  
Kat ani n breaks  mi crot ubul es  al ong t heir  l engt h;  it  does  not  t ake a way t he t ubuli n 
di mers  at  t he end of  the mi crot ubul e,  but  removes  t he m from t he wall  of  t he 
mi crot ubul e.  Pr oduct  of  severi ng acti vit y i s  t ubul in di mers.  Rel eased t ubulin di mers 
are abl e t o repol ymeri ze agai n,  so t hey are not  phosphor ylat ed or  ot her wi se changed. 
Kat ani n can disasse mbl e mi crot ubul es  under  conditi ons  t hat  favor  spont aneous 
asse mbl y of  t ubuli n i nto mi crot ubul es.  This  means  t hat  eit her  kat anin i nhi bits 
pol ymeri zati on of  t ubulin di mers  or  t hat  kat anin di ssoci ates  t ubuli n dimers  from 
mi crot ubul es faster t han they re-associ ate ( Mc Nally & Val e, 1993). 
Tubuli n subunits are hel d i n pl ace t hrough bot h l ongit udi nal  and l at eral  contacts,  t hey 
dissoci ate very sl owl y ( 10
- 8
s
- 1
)  from t he mi crot ubul e wall.  Severi ng of  a  microt ubul e 
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at  a specific spot  al ong mi crot ubul e l engt h requires  t hirteen subunits around t he 
circumf erence of  t he t ubul e each t o be di ssoci ated from ti ghtl y bound nei ghbours 
above,  bel ow and on t wo si des.  Ho wever,  i n t he presence of  ATP,  kat anin pert urbs 
these t ubuli n-t ubuli n cont acts  and can sever and di s mantle a  t axol-stabilized 
mi crot ubul e wit hi n a coupl e of  mi nut es  ( Val e,  2000).  Mi crot ubul es  act  as  a scaffol d 
for  kat ani n t o oli gomerize aft er  it  has  exchanged its  ADP f or  ATP (see Fi g. 1. 4.). 
Once a  co mpl et e kat ani n ri ng i s  asse mbl ed on t he mi crot ubul e,  t he ATPase acti vit y 
of  kat ani n i s  sti mul at ed.  As  a  consequence of ATP hydr ol ysis and subsequent 
phosphat e rel ease,  t he kat ani n undergoes  a conf or mati onal  change l eadi ng t o 
mechani cal  strai n t hat  destabilizes  t ubuli n-t ubuli n cont acts.  The ADP- bound kat ani n 
has  l ower  affi nity bot h for  ot her  kat ani n mol ecules  and f or  t ubuli n;  t his  leads  t o t he 
di ssol uti on of  t he co mpl ex and t he recycli ng of  the kat ani n ( Hart man & Val e 1999; 
Quar mby, 2000; Mc Nally, 2000). 
 
 
Fi g.  1. 4:  Model  f or  mi crot ubul e severi ng by kat ani n.  ( Onl y a si ngl e pr ot ofila ment  of 
mi crot ubul e i s  shown).  In t he t op-ri ght  part,  you see kat ani n- ATP oli gomeri zed on 
mi crot ubul e.  In t he botto m-ri ght  part,  as  a  result  of  ATPase acti vit y katani n ri ng 
changes  conf or mati on l eadi ng t o mechani cal  strain.  In t he bott om-l eft  part,  t ubuli n-
tubuli n bonds  are br oken,  kat ani n di ssoci ates  from t he co mpl ex.  In t he t op-left  part, 
kat ani n- ADP co mpl ex  i s  ready t o exchange ADP f or  ATP and j oi n t he cycl e agai n. 
( Hart man & Val e, 1999). 
 
Mi cr ot ubul e bi ndi ng site f or  kat ani n hexa mer  i s  unknown.  Possi bl e bindi ng sit es 
incl ude t he outsi de of  t he mi crot ubul e,  t he mi crot ubul e l umen,  or  t he si des  of  t ubuli n 
di mers  exposed by hol es  i n t he l attice ( Mc Nally,  2000;  Davis  et  al.,  2002).  It  i s 
 8 
thought  t hat  defects  i n t he mi crot ubul e l attice mi ght  serve as  sites  f or  kat anin acti vit y 
( Davis  et  al.,  2002;  Wat er man- St orer  and Salmon,  1997).  Kat ani n expl oits l ocal 
defects  and pr omot es  l oss  of  t ubuli n at  t he defect  sit e until  t he t wo microt ubul e 
segments  are hel d t oget her  so weakl y t hat  mechani call y unconstrai ned mi crot ubul es 
ki nk at  t he defect  site ( Davis  et  al.,  2002).  The accel erati on of  breaki ng wit h 
increasi ng free energy of  curvi ng was  f ound i n t he st udy of  Odde et  al.  (1999). 
Ho wever,  expected degree of  accel erati on as  a  f uncti on of  el astic energy i ncrease di d 
not  act  i n a  predi ct able manner.   One  can i nt erpret  t he results assu mi ng t hat 
increasi ng cur vat ure i ncreases  MAP di ssoci ation,  whi ch i n t urn l owers  t he ri gi dit y 
and makes  t he mi crot ubul e more accessi bl e t o severi ng enzy mes.  Ot her  possi bl e 
mechanis ms  f or  t he curvat ure-sensiti vity i ncl ude cur vat ure-sensiti vity of  severi ng 
pr ot ei ns  and/ or  t he t ubuli n di mers  t he msel ves. I ncreased cur vat ure,  caused by 
mi crot ubul e mot ors  or  mechani cal  defor mati on of t he cell  coul d i ncrease the nu mber 
of  mi crot ubul e defects,  in t urn i ncreasi ng t he number  of  kat ani n severi ng l ocati ons  
( Davis et al., 2002; Odde et al., 1999). 
ATPase and severi ng activities  of  kat ani n are cl osel y rel at ed,  but  t hey are not  ti ghtl y 
coupl ed.  ATPase acti vity i s  sti mul at ed by mi crot ubul es,  whil e i n t he absence of 
mi crot ubul es  ATPase activity i s  not  observed.  Moreover,  mi crot ubul es  t hat  cannot  be 
di gested (e. g.  subtilisin di gested ones)  sti mul at e ATPase acti vit y.  In t he l atter  case, 
mi crot ubul es  are not  severed or  di sasse mbl ed but  observed kat ani n’s  acti vity was  t he 
sa me as  if  mi crot ubul es  woul d be di gest ed.  This  shows  t hat  ATPase acti vity i s  not 
tightl y coupl ed t o severing.  When ADP has  been used t o i nhi bit  ATPase acti vit y, 
severi ng acti vit y was  i nhibited as  well  whi ch shows  t hat  ATPase acti vit y i s  necessary 
for severi ng ( Mc Nall y and Val e, 1993). 
Kat ani n di spl ays  an unusual  mi crot ubul e-sti mul ating reacti on.  ATPase activit y peaks 
at  a mi crot ubul e concentrati on of  2 t o 10 mi cromol s  and t hen decreases  as  t he 
mi crot ubul e concentration i s  f urt her  i ncreased (see Fi g. 1. 5).  Thi s  di ffers  from 
expected behavi our  accor di ng t o Mi chaelis- Ment en l aw.  There i s  t he f oll owi ng 
expl anati on:  mi crot ubul es  may sti mul at e acti vit y of  kat ani n by facilitati ng kat ani n-
kat ani n i nt eracti ons,  because when concentration i s  l ow it  i s  more li kel y that  kat ani n 
mol ecul es  will  bi nd near one anot her  on t he mi crot ubul e,  but  hi gh concentrati ons  of 
mi crot ubul es  may reduce ATPase and severi ng acti vities  by preventi ng kat ani n-
kat ani n associ ati ons,  because,  it  i s  more li kely t hat  kat ani n mol ecules  will  be 
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di spersed over  a  hi gh number  of  mi crot ubul es  and will  have l ess  chance to bi nd near 
one anot her ( Hart man and Val e, 1999). 
 
 
 
 
Fi g.  1. 5:  Effect  of  mi crot ubul e concentration on kat ani n’s  acti vity.  ( Hart man and 
Val e, 1999) 
 
Acti vit y of  kat ani n mi ght  be regul at ed by its  synthesis  and degradati on l evels.  It  was 
found t o be t he case i n axons  where kat ani n l evels  are hi gh duri ng t heir  most  acti ve 
phases  of  gr owt h but  drop once axons  have contacted t heir  t argets  ( Karabay et  al., 
2004)  Ho wever,  kat ani n i s  wi del y di stri but ed and t here shoul d be another  control 
mechanis m t o severe microt ubul es  onl y when i t  i s  needed.   There were some 
factors (like cyclinB/cdc2, cyclinB/cdc1) discovered that changed 
microtubule-severing activity in M-phase Xenopus egg extract. 
However, experiments with isolated katanin showed that it is not 
directly activated or phosphorylated (McNally & Thomas, 1998;  
McNally et al. 2002). Activity of katanin might be regulated 
indirectly by other MAP’s which would restrict accession of katanin 
to microtubules (Baas & Qi ang, 2005). 
As  regards  its  bi ol ogi cal r ol e,  kat ani n i s  supposed t o be i mport ant  i n mitosi s.  It  was 
menti oned above t hat  mi totic spi ndl e consists of  mi crot ubul es.  Mi crot ubule severi ng 
acti vit y  itself  was  first  identified and st udi ed i n mi t otic extracts  of  Xenopus  l eavis 
( Mc Nall y & Val e,  1993).  Kat ani n was  f ound t o be hi ghl y concentrat ed at 
centrosomes  t hroughout  t he cell  cycl e ( Mc Nally et  al.,  1996).  This  supports  t he 
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hypot hesis t hat  kat ani n medi at es  t he di sasse mbl y of  mi crot ubul e mi nus  ends  duri ng 
pol ewar d fl ux  (see Fi g. 1. 6) ( Mc Nall y et al., 1996; Quar mby 2000; Bust er 2002). 
 
 
 
Fi g.  1. 6:  Model  of  kat anin’s  rol e i n t he mit otic spindle.   Severi ng of  t he kinet ochore 
mi crot ubul e by kat ani n rel eases  a short  mi crot ubul e fragment  ( A- B)  and all ows  t he 
ki nesi n-li ke pr ot ei n t o pull  t he ki net ochore mi crot ubul e t owar d t he centrosomal 
mat ri x ( B).  Si multaneous  pol ymeri zati on of  t ubuli n occurs  at  t he pl us  end ( B- C). 
( Mc Nall y et al., 1996) 
 
It  i s  also supposed t hat  kat ani n facilitates  mi crot ubul e depol ymeri zati on i n t ransiti on 
from i nt erphase t o mit osis by rel easi ng centroso mal  mi crot ubul es  and di scl osi ng 
their  mi nus  end.  Rel ease of  mi crot ubul es  from centrosome i s  essential  i n neur ons  and 
it is especi ally active in neurons compared t o nonneuronal cells as it was menti oned.  
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1. 2. 3. Kat ani n subunits 
 
As  it  was  previ ousl y mentioned,  kat ani n consists of  t wo subunits:  p60 and p80 whi ch 
were na med accordi ng to t heir  mol ecul ar  wei ght.  It  has  been showed t hat  p60 has 
mi crot ubul e-sti mul at ed ATPase and mi crot ubul e severi ng acti vities  i n t he absence of 
p80,  whil e p80 t argets  katani n t o centrosome.  ( Hart man et  al.,  1998)  Ho wever,  t hese 
fi ndi ngs turned out t o be mor e co mpl ex after fut her investi gati ons.  
p80 subunit  is  658 a mi no aci d l ong (rat  p80)  and cont ai ns  si x ‘ ‘ WD40’ ’  repeat  motifs 
( Karabay et  al.,  2004).  These proteins are characterized by the presence 
of repeats consisting of between 40 and 60 amino acids with two 
internal conserved dipeptide sequences, glycine-histidine (GH) and 
tryptophan-aspartic acid (WD) Despite their highly conserved 
structural motif, WD40 proteins play very diverse functions. This is 
probably due in part to the ability of these proteins to coordinate 
the binding of a variety of proteins through their individual blades 
(Smith et al., 1999). The C-t er mi nal  regi on of  p80 does  not  exhi bit  si gnificant 
a mi no aci d i dentit y t o any previ ousl y described pr ot ei n.  Alt hough p60 severs 
mi crot ubul es  i n t he absence of  p80,  p80 was  f ound t o affect  t his aciti vity.  p80 can 
enhance p60 medi at ed mi crot ubul e severi ng by i ncreasi ng affi nit y of  p60 t o 
mi crot ubul es  ( Mc Nall y et  al.,  2000).  p60/ p80 was  f ound t o have a t wo-fol d hi gher 
mi crot ubul e severi ng activit y co mpared t o p60  alone.  On t he ot her  hand,  i t  was  al so 
found t hat  WD40 domai n cont ai ned i n p80 acts  as  a  negati ve regul at or  of 
mi crot ubul e severi ng by p60.  ( Mc Nall y,  Thomas,  1998)  The sa me  do mai n i s 
responsi bl e f or  p80 centrosome t argeti ng ( Hartman et  al.,  1998;  Mc Nall y et  al., 
2000; Mc Nall y, Tho mas,  1998).  
 
    1 MATPVVTKTA WKLQEIVAHA SNVSSLVLGK ASGRLLATGG DDCRVNLWSI 
NKPNCIMSLT    
   61 GHTSPVESVR LNTPEELIVA GSQSGSIRVW DLEAAKILRT LMGHKANICS 
LDFHPYGEFV   
  121 ASGSQDTNIK LWDIRRKGCV FRYRGHSQAV RCLRFSPDGK WLASAADDHT 
VKLWDLTAGK   
  181 MMSEFPGHTG PVNVVEFHPN EYLLASGSSD RTIRFWDLEK FQVVSCIEGE 
PGPVRSVLFN   
  241 PDGCCLYSGC QDSLRVYGWE PERCFDVVLV NWGKVADLAI CNDQLIGVAF 
SQSNVSSYVV   
  301 DLTRVTRTGT VTQDPVQANQ PLTQQTPNPG VSLRRIYERP STTCSKPQRV 
KHNSESERRS   
  361 PSSEDDRDER ESRAEIQNAE DYNEIFQPKN SISRTPPRRS EPFPAPPEDD 
AATVKEVSKP   
  421 SPAMDVQLPQ LPVPNLEVPA RPSVMTSTPA PKGEPDIIPA TRNEPIGLKA 
SDFLPAVKVP   
 12 
  481 QQAELVDEDA MSQIRKGHDT MFVVLTSRHK NLDTVRAVWT TGDIKTSVDS 
AVAINDLSVV    
  541 VDLLNIVNQK ASLWKLDLCT TVLPQIEKLL QSKYESYVQT GCTSLKLILQ 
RFLPLITDIL   
  601 AAPPSVGVDI SREERLHKCR LCFKQLKSIS GLVKSKSGLS GRHGSAFREL 
HLLMASLD 
 
Fi g.  1. 7:  Ratt us  norvegicus  p80- kat ani n a mi no aci d sequence ( Gene Bank,  t he 
Eur opean Mol ecul ar  Bi ology Laborat ory,  accession No.  Q8BG40).  WD motifs  are 
shown i n bol d, conserved di pepti de sequences are underlined.  
 
 
Rat  p60 i s  a  491 a mi no aci d l ong pol ypepti de (Karabay,  2004),  it  has  a conser ved 
230-a mi no aci d ATPase do mai n (see Fi g.  1. 8).  BLAST search reveal ed t hat  ort hol og 
of  p60 exists i n C.  el egans,  i n Arabi dopsis  t hali ana  and t here are vert ebrat e 
ho mol ogs  of  p60 ( Hart man et  al.,  1998;  St oppi n-Mell et  et  al.,  2003;  Bouqui n et  al., 
2003,  Yang et  al.,  2003).  p60 al one displ ays  a mi crot ubul e-sti mul at ed ATPase 
acti vit y.  Alt hough,   when co mpari ng t he rat es  of  mi crot ubul e di sasse mbly,  p60 i s 
half as acti ve as p60/ p80 ( Hart man et al., 1998). 
 
  1 MSLLMITENV KLAREYALLG NYDSAMVYYQ GVLDQINKYL YSVKDTHLHQ 
KWQQVWQEIN  
 61 VEAKHVKEIM KTLESFKLDS TSLKAAQHEL PSSEGEVWSL PVPVERRPLP 
GPRKRQSTQH  
121 SDPKPHSNRP GAVVRAHRPS AQSLHSDRGK AVRSREKKEQ SKGREEKNKL 
PAAVTEPEAN  
181 KFDSTGYDKD LVEALERDII SQNPNVRWYD IADLVEAKKL LQEAVVLPMW 
MPEFFKGIRR   
241 PWKGVLMVGP PGTGKTLLAK AVATECKTTF FNVSSSTLTS KYRGESEKLV 
RLLFEMARFY  
301 SPATIFIDEI DSICSRRGTS EEHEASRRVK AELLVQMDGV GGASENDDPS 
KMVMVLAATN  
361 FPWDIDEALR RRLEKRIYIP LPSAKGREEL LRISLRELEL ADDVNLASIA 
ENMEGYSGAD  
421 ITNVCRDASL MAMRRRIEGL TPEEIRNLSR EEMHMPTTME DFEMALKKVS 
KSVSAADIER  
481 YEKWIVEFGS C 
 
 
Fi g. 1. 8:  Ratt us  norvegicus  p60- kat ani n a mi no aci d sequence ( Gene Bank,  t he 
Eur opean Mol ecul ar  Bi ol ogy Laborat ory,  accessi on No.  AY621629).  Part  of  p60 
shown i n bol d i s  t he sequence whi ch was  cl oned and expressed;  underlined part  of 
p60 is t he conserved C-t er mi nal AAA do mai n.  
 
 
1. 3.  Obj ecti ves of the research 
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Kat ani n or  its  ort hol ogs are f ound i n a nu mber  of  or gani s ms:  sea urchi n,  Xenopus 
laevis,  Chl amydomonas sp.,  Arabi dopsis  t hali ana,  rat,  hu man.  Thi s  microt ubul e 
severi ng pr ot ei n has  an i mport ant  rol e i n pr ocesses  where mi crot ubul e reorgani zati on 
is required,  e. g.  mit osis, axonal  gr owt h,  deflagellati on,  t herefore it  i s  ext ensi vel y 
st udi ed.   Full  charact erizati on of  pr operties  and functi ons  of  bot h subunits of  kat ani n 
woul d enabl e t o better understand acti vit y and rol es of kat ani n itself.  
Anti bodi es  agai nst  p80 and p60 will  be used i n t he st udi es  on separate subunits  or  on 
a whol e di mer  pr ot ei n. For  most  research,  di agnostic,  and t herapeutic pur poses, 
monocl onal  anti bodi es,  deri ved from a  si ngl e clone and t hus  specific f or  a si ngl e 
epit ope,  are preferable (Gol dsby et  al.,  2000).   Reco mbi nant  sol ubl e pepti de woul d 
pr ovi de best conditi ons for monocl onal anti body pr oducti on.  
Bot h kat ani n subunits  (p60 and p80)  have been sought  t o be expressed,  si nce 
separati on of  t he nati ve subunits requires  denat urating conditi ons.  Ho wever,  bact erial 
expressi on of  p60 pr oduced l argel y i nsol ubl e pr ot ei n ( Hart man et  al.  1998). 
Over producti on of  het erol ogous  pr ot ei ns  i n t he cyt opl as m of  E.  coli i s  oft en 
accompani ed by t heir  mi sfol di ng and segregati on int o i nsol ubl e aggregates known as 
incl usi on bodi es  ( Baneyx,  1999b).   Due to solubility problems related to 
the bacterial expression of p60 subunit synthetic anti-peptide 
antibodies have been used until now.  
Taki ng i nt o account  t he need f or  sol ubl e p60-katani n pepti de,  we  have set  t he 
foll owi ng obj ecti ves for thi s research:  
- to cl one and express p60-kat ani n; 
- to adj ust expressi on conditions i n order t o achi eve sol ubl e p60-kat ani n; 
- to purify pr oduced pr ot ein so t hat  it  coul d be f urther  used f or  monocl onal 
anti body producti on.  
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2.  MATERI ALS AND METHODS 
2. 1 Mat eri als 
2. 1. 1 Equi pment  
 
Centrifuge, Beckman coulter, Avanti J-30I 
DNA sequencer, Applied Bi osci ences 3100- Avant   
Gel dryer, Bi o- Rad 583 
Mi ni centrifuge, Hettich zentrifugen EBA 21 
Mi ni- Vertical Gel Syst em,  Bi o Worl d EC 120 
Or bital shaker, For ma  
Precisi on wei gher, Precisa 620 C SCS 
Rocki ng shaker, Hei dol ph i nstruments Duo max 1030 
Ther mo mi xer  comf ort, Eppendorf 
UV spectrophot omet er, Beck man DU530 Life Science 
UV spectrophot omet er, Shi madzu 160 
Vort ex  Hei dol ph, Reax top 
 
2. 1. 2 Che mi cals and enzy mes 
 
IPTG (isopropyl-β- D- 1-thi ogalact opyranosi d) Appli Che m 
 
Eco RI restricti on enzyme 
Mass Rul er ™ DNA Ladder ( Mi x,  80bp-10Kb)  
PageRul er ™ Prestai ned Pr ot ei n Ladder (10-170 kDa)  
 
 
 
Fer ment as 
Absol ut e et hanol  
Absol ut e met hanol  
Acetic aci d (glaci al) 
Ca Cl 2 
I mi dazol e 
 
 
 
 
Fl uka 
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Gl ycerol 
Isopropanol  
KH2 PO 
Na2 HPO4  
Na Cl  
NH4 Cl  
Phosphoric aci d 
 
 
 
 
 
 
 
Fl uka 
T7 pri mer (5' d[ TAATACGACTCACTATAGGG] 3' ) 
 
Invitrogen 
Acr yl a mi de 
Br o mophenol bl ue 
EDTA 
Et hi di um bromi de 
Gl ucose 
2- mercapt o-et hanol  
Mg Cl 2 
Na H2 PO4  
Na OH 
SDS 
TE MED 
Tris 
Yeast extract 
 
 
 
 
 
 
 
 
 
 
 
 
 
Merck 
Hi nd III restricti on enzyme  
 
Ne w Engl and Bi ol abs 
T4 DNA li gase  
Loadi ng dye 
 
 
Pro mega 
Ni - NTA agarose for His-tag fused prot ei n purification 
 
Qi agen 
PVDF me mbrane Roche 
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Agar ose 
AMPS 
Gl yci ne 
Tetracycli n 
 
 
 
Si g ma 
 
 
 
 
2. 1. 3 Buffers 
 
TAE Buffer (50X)  
242 g Tris base (40 mM)  
57. 1 ml gl acial acetic acid (20 mM)  
100 ml 0. 5 M EDTA (pH 8. 0) (1mM)  
H2 O up t o 1 liter 
 
Lysis Buffer for Met al Affi nity Chro mat ography 
34. 5 mg Na H2 PO4 (50 mM)  
87. 7 mg Na Cl (300 mM)  
3. 4 mg i mi dazol e (10 mM)  
H2 O up t o 5 ml, adj ust pH t o 8. 0 usi ng Na OH 
 
Was h Buffer for Met al Affi nity Chro mat ography 
69  mg Na H2 PO4 (50 mM)  
175. 4 mg Na Cl (300 mM) 
13. 6 mg i mi dazol e (20 mM)  
H2 O up t o 10 ml, adj ust pH t o 8. 0 usi ng Na OH 
 
El uti on Buffer for Met al Affi nity Chro mat ography 
34. 5 mg Na H2 PO4 (50 mM)  
87. 7 mg Na Cl (300 mM)  
2. 72 g i mi dazol e (4 M)  
H2 O up t o 5 ml, adj ust pH t o 8. 0 usi ng Na OH 
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Buffers of restricti on and li gati on enzy mes 
Buffers of restricti on and ligati on enzymes were purchased t oget her wit h t he 
enzy mes.  
 
2. 1. 4 Speci al reagents and kits 
Agar ose Gel DNA  Extracti on Kit, Roche  
Hi gh Pure Pl as mi d Isol ation Kit for s mall-scal e (mi ni) preparati ons, Roche  
50 % Ni- NTA agarose suspensi on, Qi agen 
Anti- Hi s6 mouse monoclonal anti body, Roche 
Goat AP conj ugate anti-mouse, Novagen 
 
2. 1. 5 Bacteri al strai ns 
Escheri chi a coli strai n XL1 Bl ue [recA1 endA1 gyrA96 thi-1 hsdR17 
supE44relA1 lac [F' proAB lacIqZΔM15 Tn10 (Tetr)]], Novagen 
Escheri chi a coli strai n BL21 ( DE3) pLysS F
- 
dcm ompT hsdS(r B
-
 mB
-
) gal λ( DE3)[pLysS 
Ca m
r
], Novagen 
 
2. 1. 6 Bacteri al culture me di a 
 
LB medi um was  prepared by di ssol vi ng 10 gra m trypt one,  5 gra m yeast  extract,  and 
10 gra m Na Cl  i n di stilled wat er.  Di stilled wat er  was  added t o a fi nal  volu me  of  one 
liter.  The LB medi um was  st erilized by aut ocl aving f or  15 mi nut es.  In or der  t o make 
selecti on medi a,  anti biotic was  added t o t he LB medi um accor ding t o t he 
concentration descri bed in Tabl e 2. 1,  and t he antibi otic cont ai ni ng LB was  st ored at 
4º C.  
LB- agar pl ate was  prepared by addi ng 15 gra m/l  of  agar  t o LB me di um and 
sterilized by aut ocl avi ng as descri bed above.  
SOC medi um was  used to culti vat e E. coli  for  1 hour  after  t e mperat ure shock duri ng 
transfor mati on.  It  was  prepared by dissol vi ng 2 gra m of  trypt one,  5 gram of  yeast 
extract,  0. 058 gra m of  NaCl,  0. 0186 gra m of  KCl ,  0. 095 gra m of  Mg Cl 2,  0. 24 gra m 
of  MgSO4,  0. 36 gra m of  gl ucose i n di stilled water.  Di stilled wat er  was  added t o a 
fi nal  vol ume  of  100 ml.  The SOC medi um was  sterilized by aut ocl avi ng at  120° C f or 
15 mi nut es.  When required,  anti bi otic was  added t o t he medi um i n or der  t o make 
selecti on ( Tabl e 2. 1). 
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Tabl e 2. 1. Stock and worki ng sol uti on of anti biotic 
Anti bi otic St ock sol uti on 
concentrati on 
Wor ki ng concentrati on 
Kana myci n 10 mg/ ml i n wat er 50 μg/ ml  
Tetracycli n 15 mg/ ml i n et hanol  15 μg/ ml  
 
 
2. 1. 7 T/ A cl oni ng vector wit h cl oned i nsert 
 
pCR 2. 1- TOPO (Invitrogen)  wit h cl oned f ull  lengt h p60 subunit  was  previ ousl y 
desi gned by  Dr.  Ar zu Karabay.  The cl oned p60 i s  i n reverse directi on i. e. i t s  codi ng 
strand and non-codi ng strands  exchanged t heir  positi ons:  5’  of  codi ng strand of  p60 
in nor mal  directi on st arts wi t h a st art  codon ATG,  whi ch i s  at  5’  of  non-coding strand 
of t he reversel y cl oned p60 (see Fi g. 2. 1) 
 
2. 1. 8 Expressi on vector 
 
2. 1. 8. 1 pET Expressi on Syste m 
In pET syst e m ( pl as mi d of  expressi on by T7 pol ymer ase),  t he expressi on of  t he DNA 
construct  is  under  t he control  of  T7 pr omot er,  whi ch i s  recogni zed by t he T7 DNA 
dependent  RNA pol ymerase (transcri pt ase),  but  not  E.  coli  RNA pol ymerase. 
Typi call y,  T7 transcri ptase i s  expressed by t he host  geno me,  whi ch i s  i nserted behi nd 
the l ac UV5 pr omot er.  The l atter  is  i nserted i nt o geno me  vi a l a mbda DE3 phage. 
Therefore,  t he host  strains  t hat  carry T7 pol ymer ase i n t heir  geno me under  t he 
control of IPTG-i nducable  lacUV5 are called DE3.  
Whi l e t his  syst e m l eads  to t he synt hesis of  l arge a mounts  of  mRNA,  and,  i n most 
cases,  t he conco mitant accu mul ati on of  t he desired pr ot ei n at  ver y hi gh 
concentrations  ( 40- 50 % of  t he t ot al  cell  prot ei n),  it  i s  not  wit hout  drawbacks.  For 
exa mpl e,  hi gh l evel  of  mRNA can cause ri bosome  destructi on and cell  deat h,  and 
leaky expressi on of  T7 RNA pol ymerase may r esult  i n pl as mi d or  expressi on 
instability.  Furt her more, even ‘e mpt y’  pET pl as mi ds  are t oxi c t o E.  coli  i n t he 
presence of  I PTG.  So me of  t he strategi es  t hat  have been devel oped t o address  t hese 
issues  are co- overexpressi on of  phage T7 l ysozy me  ( whi ch degrades T7 RNA 
pol ymerase) from t he compati bl e pLysS and pLysE pl as mi ds ( Novagen) and t he  
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Fi g.  2. 1:  Vect or  map of  pCR2. 1- TOPO wit h cl oned i nsert.  Cl oni ng/restricti on area 
wi t h sche mati call y represented i nsert  i s  shown i n a  l arger  scal e.  Arrow stret chi ng 
from PCR pr oduct  poi nts at  t he part  of  cl oned p60 subunit  (begi nni ng and end of  t he 
sequence)  i n a l arge scale.  At  t he bott om-l eft  part  of  t he pi ct ure part  of  nor mall y 
orient ed p60 is shown i n italic.  
 
inserti on of  a  l ac operator  sequence downstrea m of  pl as mi d-encoded T7 pr omot ers, 
in order t o reduce leaky transcri pti on ( Mi erendorf et al., 1994; Baneyx 1999). 
 
2. 1. 8. 2 pET- 30a vector 
The pET- 30a( +)  ( Novagen)  vect or  was  ki ndl y provi ded by Dr.  St ephan Scheurer 
(Paul- Ehrlich-Instit ute,  Dept.  of  All ergol ogy).  The pET- 30a ( +)  vect or  carries  an N-
ter mi nal  Hi soTag®/t hrombi n/ SoTag ™/ ent eroki nase confi gurati on pl us  an opti onal  C-
ter mi nal  Hi soTag sequence.  The circul ar  map ( Fig.  2. 2.)  and t he cl oni ng/expressi on 
regi on (Fi g. 2. 3.) are shown bel ow. The vect or is 5421 bp l ong.  
 
 
5’ TCG. GCT. TGC. TTC …. . AAG. ACT. CAT3’  
3’ AGC. CGA. ACG. AAG…. . TTC. TGA. GTA5’  
Nor mall y orient ed p60 
5’ ATG. AGT. CTT…AGC. CGA3’  
3’ TAC. TCA. GAA…TCG. GCT5’  
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Fi gure 2. 2: Vect or map of pET30a. Source: htt p:// www. e mdbi osci ences. com 
 
 
 
Fi gure 2. 3: Cl oni ng/ expressi on regi on of t he coding strand of pET30a.  
Source: htt p:// www. e mdbi osci ences. com 
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2. 2. METHODS 
 
2. 2. 1 Small scal e pl as mi d DNA preparati on ( mi ni - prep) 
 
Pl as mi d mi ni  preparati on was  perfor med usi ng Roche,  Hi gh Pure Pl as mid Isol ati on 
Ki t  f or  s mall-scal e ( mi ni)  preparati ons,  foll owi ng i nstructi ons  of  t he manufact urer. 
The pri nci pl e of  t his  purificati on i s  as  f oll ows:  alkali ne l ysis  rel eases  pl asmi d DNA 
from bact eria and RNase r e moves  all  t he RNA i n the l ysat e.  Then,  i n t he presence of 
a chaotropi c salt  (guanidi ne HCl ),  pl as mi d DNA bi nds  sel ecti vel y t o gl ass  fi ber 
fleece i n a centrifuge t ube.  The DNA r e mai ns  bound whil e a series  of  rapi d ‘ ‘ wash-
and-spi n’ ’  steps  re move cont a mi nati ng bact erial  components.  Fi nall y,  l ow salt  el uti on 
re moves t he DNA from the gl ass fi ber fleece.  
The prot ocol is as foll ows: 
 A si ngl e bact erial  col ony was  pi cked and i noculated i nt o 10 ml  LB me di a 
( wit h kana myci n)  cont aini ng Fal con t ube,  and grown overni ght  wit h vi gorous 
shaki ng (250 rpm) at 37ºC.   
 The f oll owi ng day,  7. 5 ml  of  t he cult ure was  distri but ed i nt o 5 eppendorf  
tubes  ( 1, 5 ml  each t ube),  and t he bact eria were recovered by centrifugation 
for 5 mi nut es at 14, 000xg. The supernat ants were  discarded.  
 The bact erial  pellet  was r esuspended i n 50 μl  of  suspensi on buffer  i n each 
eppendorf  t ube separat ely and t hen collect ed t o one eppendorf  t ube ( 250 μl 
suspensi on buffer  i n t ot al).  Suspensi on buffer  contai ns  RNase whi ch re moves 
bact erial RNA.  
 To l yse t he cells,  250 μl  l ysis  buffer  was  added (cont ai ns  Na OH),  mi xed by 
inverti ng t he t ube 6 ti mes  and i ncubat ed at  r oom t e mperat ure f or  up t o 5 
mi nut es.   
 Lysis  was  st opped by additi on of  350 μl  i ce-cold bi ndi ng buffer.  Tube was 
agai n inverted 6 ti mes and i ncubat ed on ice for up t o 5 mi nut es.   
 The mi xt ure was  centrifuged f or  10 mi nut es  at  14.000 x g and t he supernatant 
was  transferred t o a filter  t ube.  Chr omoso mal  DNA was  preci pitat ed wi t h 
cell ul ar  debris duri ng centrifugati on and t his  supernat ant  cont ai ns  t he pl as mid 
DNA.   
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 Agai n centrifugati on f or  1 mi nut e at  maxi mum s peed was  perfor med.  
Pl as mi d DNA i s  bound t o t he gl ass  fi bers  pre-packed i n t he filter  t ube. 
Supernat ant was discarded from t he collecti on t ube.  
 To wash t he cells,  700 μl  of  wash buffer  was  added t o t he filter  t ube and 
centrifuged at  maxi mu m speed f or  1 mi nut e.  Supernat ant  from collecti on t ube 
was discarded.   
 To el ut e t he DNA  100 μl  el uti on buffer  was  added,  and t he DNA s ol ution 
was obt ai ned by centrifugati on for 1 mi nut e at full speed.  
 
2. 2. 2 Deter mi nati on of nucl eic aci d concentration 
 
Recovery,  purit y and concentration of  nucl eic aci ds  were det er mi ned by 
spectrophot ometric analysis.  The rati o of  absorbance at  ( A260)  shoul d be  1. 8 f or 
DNA.  I n t he presence of  pr ot ei n cont a mi nation,  t he rati o i s  l ess. For  t he 
measure ment,  we  used a spectrophot omet er  from Shi madzu.  The DNA was  dil ut ed 
1: 200 or  1: 2000 i n di stilled wat er  and transferred to a quartz cuvette.  The absor pti on 
was  at  wavel engt h of  260 n m.  An optical  densit y (OD)  of  260 n m of  1. 0 i s  equi val ent 
to 50 μg/ ml  DNA.  The f or mul a used t o cal cul ate t he concentration ( C)  i s  t he 
foll owi ng:  
 
C = OD 260nm x dil uti on factor x equi val ent = x μg/ ml  
 
In or der  t o check results of  t he spectrophot ometric anal ysis,  DNA extract ed from gel 
was also run on t he 1% agarose gel before li gati on.  
 
2. 2. 3 Preparati on of chemi call y co mpetent cells - cal ci um chl ori de method 
 
To i ntroduce pl as mi d DNA or  recombi nant  pl asmi d DNA i nt o bact eria,  the bact eri a 
had t o be made co mpet ent  for  t his  pur pose.  We  home made co mpet ent  cells accor di ng 
to t he foll owi ng prot ocol, provi ded by Sa mbr ook et al (Sa mbr ook et al., 1989).  
 Wor ki ng aseptically,  XL1 Bl ue cells (taken from a  gl ycerol  st ock culture) 
were streaked out on an LB pl ate and i ncubat ed overni ght at 37° C.  
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 The next  day,  one bact erial  col ony was  pi cked and i nocul ated i nt o 10 ml  of 
LB medi um cont ai ni ng t etracycli n i n a Fal con t ube,  and t he overni ght  cul ture 
was grown.  
 The next  day 100 ml  LB medi um was  i nocul ated wit h 4 ml  of  over night 
cult ure sol uti on and was i ncubat ed at  37° C i n a  rot at ory shaker.  Cell  density 
was  measured by a spectrophot omet er  at  OD6 00.  When an OD6 00  of  0. 6 was 
reached,  t he bact eria were transferred t o 50 ml  prechilled sterile 
ultracentrifuge t ubes and incubat ed on ice for 10 mi n.  
 The cells were spun down at  1600 x  g f or  10 mi nut es  at  4º C,  t he supernatant 
was discarded 
 Bact erial  pellet  was  resuspended i n 10 ml  i ce-cold Ca Cl 2  ( pH 7,  t he sol ution 
was  filter  st erilized t hrough a  filter  of  0. 45 μm pore si ze)  and i ncubat ed on i ce 
for 30 mi nut es. 
 Centrifugati on was  perfor med agai n f or  5 mi nut es  at  t he sa me  speed as 
previ ousl y, and t he cells were resuspended i n 2 ml  of CaCl 2.  
 The cells were used i mmedi at el y f or  transfor mati on and/ or  di stri buted int o 
prechilled st erile mi crofuge t ubes.  The co mpet ent  cells were st ored at  -  80ºC 
in 40 μl ali quots. 
Ca Cl 2 sol uti on 
Contents Concentrati on Amount  
Ca Cl 2 60 mM 0. 33 g 
PI PES 10 mM 0. 15 g 
Gl ycerol 15 % 7. 5 ml  
wat er X up t o 50 ml  
 
2. 2. 4 Transfor mati on of co mpetent cells 
 
Tr ansfor mati on i s  t he t er m used t o descri be t he introducti on of  pl as mi d DNA i nt o 
bact eria.  The experi ment  can be perfor med by an el ectrical  or  a  che mi cal  met hod. 
We  used t he che mi cal  met hod whi ch consists of  a heat  shock t o i ntroduce t he DNA 
int o the host. A short protocol is as foll ows:   
 The co mpet ent  cells from - 80o  C were t ha wed on i ce.  2-3 μl  of  purified 
pl as mi d DNA or  10 μl  of  li gati on mi xt ure  was  added t o 20 μl  of  co mpetent 
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cells and t he eppendorf  tube cont ai ni ng t he cells was   i ncubat ed on i ce f or 30 
mi nut es.  
 Aft er  t hat,  t he cells were kept  at  42o  C f or  exactly 40 seconds  ( heat  shock) 
and i mmedi at el y were incubat ed on ice for 10 mi nut es.  
 80 μl  of  LB li qui d mediu m was  added t o co mpetent  cells and t he eppendorf 
tube was vi gorousl y shaked at 37
o 
C for 1 hour.  
 The cells were t hen pl ated ont o LB ( cont ai ni ng appr opriate anti bi otic)  plat e. 
The pl ates were incubat ed at 37
o
 C overni ght. 
 
2. 2. 5 DNA cleavage with restricti on endonucl eases 
 
Restricti on enzymes,  also called restricti on endonucl eases  are bact erial  pr ot ei ns 
whi ch wor k as  an i mmune syst e m i n bact eria.  Their  rol e i s  t o destroy bact eri ophages 
or  ot her  viruses  whi ch i nvade bact eria.  Restricti on endonucl eases  recogni ze a 
specific nucl eoti de sequence,  and cut  DNA wherever  t his specific sequence i s  f ound. 
Us uall y t he pali ndromi c r estricti on sites  have a l engt h of  4 t o 8 base pairs.  The 
purified restricti on endonucl eases  are co mmerci ally availabl e,  and are used t o 
generat e DNA fragments  f or  cl oni ng experi ments.  Therefore, r estricti on 
endonucl eases are a maj or tool i n recombi nant DNA t echnol ogy.  
Si nce t he cl oned p60 had t o be subcl oned changing its  ori ent ation at  t he sa me ti me, 
the foll owi ng require ments were set for t he restriction endonucl eases:  
- they have t o cut bot h T/A and expressi on vect ors; 
- their  sequence i n t he vectors  shoul d be different,  i.e.  5’  restricti on sit e on 
T/ A vect or  shoul d be  in 3’  co mpared t o another  restricti on site on 
expressi on vect or; 
- restricti on endonucl eases  shoul d l eave out  TGA codone i n non-codi ng 
strand of T/ A vect or; 
- restricti on endonucl eases  shoul d not  cut  i nsi de t he p60 subunit, 
preferabl y.  
Eco RI and Hi nd III met most of t he require ments 
Nor mall y DNA was  cl eaved at  37º C f or  4 hours  wit h 1 X buffer  (suppl ied by t he 
manufact urer).  
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Restri citon reacti on mi xt ures 
Contents Amount  Vol ume, μl 
Pl as mi d DNA (pET 30a) 1. 5 μg 11, 5 
EcoRI  10 units 1 
Hi nd III 20 units 1 
10X Y  buffer  1x 1, 5 
Tot al reacti on vol ume  15 
Pl as mi d DNA (pCR2. 1- TOPO -p60) 4. 55 μg 7 
EcoRI  10 units 1 
Hi nd III 20 units 1 
10X  Y buffer  1x 1 
Tot al reacti on vol ume  10 
 
 
2. 2. 6 Li gati on 
 
T4 DNA li gase i s  encoded by t he gene 30 of  bacteri ophage T4.  Thi s  enzyme  can be 
used t o li gat e DNA r estricti on fragments.  T4 DNA l i gase has  t he capacit y t o cat al yze 
in vitro t he f or mati on of a  phosphodi est er  bond bet ween adj acent  nucl eotides,  one 
cont ai ni ng a t er mi nal  5-phosphat e gr oup and one cont ai ni ng t he hydr oxyl  t er mi nus. 
A r evi ew of  t he li gati on reacti on can be  seen i n Cherepanov and de Vri es,  2003.  I n 
this st udy, cohesi ve li gation t ype was perfor med.  
Most  restricti on endonucl eases  creat e cohesi ve ends.  When fragment  DNA and 
pl as mi d DNA are di gested wit h t he sa me restriction endonucl ease,  comple ment ary 
cohesi ve ends  are generated t hat  can easil y be li gat ed.  For  li gati on overni ght 
incubati on at  r oom t e mperat ure was  perfor med.  Li gati on mi xt ure was made by 
addi ng compounds depi cted bel ow:  
 
Contents Amount  Vol ume, μl 
Pl as mi d DNA 300 ng 1 
Insert DNA - 7 
10 x buffer 1x 1 
Li gase  1 
Tot al reacti on vol ume  10 
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2. 2. 7 Agarose gel electrophoresis 
 
Agar ose i s  a  li near  pol ymer  co mposed of  resi dues  of  D-  and L- galact ose and i s  used 
to separat e fragments  of  DNA or  RNA by si ze ( Sa mbr ook and Russell,  1989).  Si nce 
deoxyri bonucl eic aci ds  are negati vel y charged,  t hey mi grat e t hrough t he agarose gel 
in a el ectrical  fiel d t owards  t he positi ve anode.  Mol ecul es  of  doubl e-stranded DNA 
mi grat e t hrough gel  mat rices  at  rat es  t hat  are i nversel y pr oporti onal  t o t he l og10 of 
the nu mber  of  base pairs,  t herefore s mall  mol ecul es  mi grat e faster  t han large ones. 
Pl as mi d DNA or  DNA f ragments  obt ai ned after  treat ment  wit h restricti on enzy mes 
were separated by el ectrophoresis t hrough a  l ow melti ng poi nt  agar ose gel.  1 % 
agarose concentration was used.  
To prepare 1% agarose gel, 0. 4 g of l ow melting poi nt: 
 Agar ose was  di ssol ved in 40 ml  (s mall  gel)  1x TAE ( Tris-acet at e- EDTA) 
buffer.  
 The agarose was  sol ubilized i n a  mi crowave oven until  t he agar ose was 
compl et el y dissol ved.  
 Gel  was  cool ed t o ≤ 45º C and et hi di um br omide was  added t o a  fi nal 
concentration of 0. 5 μg/ml  and mi xed t hrough gentle s wirli ng.  
 The agarose gel  was  t hen poured i nt o a horizontal  gel  tray,  and a  co mb for 
for mi ng t he sa mpl e sl ots was pl aced i nt o the gel.  
 The gel  was  soli dified f or  about  30 mi nut es and t hen pl aced i nt o an 
el ectrophoresis t ank,  where t he gel  was  covered by 1x TAE buffer  used t o 
make t he gel. 
The DNA was  mi xed with l oadi ng dye  and t he sampl e was  pl aced i nt o a well  on t he 
agarose gel.  As  fragment  si ze control,  a MassRul er ™ DNA Ladder, Mi x ( 80bp-
10kb)  was  used.  El ectrophoretic separati on was  achi eved by const ant  current  at  80 
mV f or 60 mi nut es. 
DNA wi t hi n agarose gels i s  onl y vi si ble when st ained wit h et hi di um br omi de and can 
then be vi sualized under  UV l i ght.  The gel  was  placed ont o an UV il umu minat or  t hat 
e mits  UV li ght  at  302 nm and phot ographed with a  ca mera connected t o a co mput er. 
I mage files  were saved wi t h UVI Phot o MW Ver si on 99. 05 f or  Wi ndows 95 & 98, 
UVIt ec Lt d.  and subsequentl y anal yzed.  The si ze of  t he DNA was  det ermi ned by 
compari ng t heir mobilit y wit h t he fragments of t he Mass Rul er.  
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2. 2. 8 Isol ati on of  DNA frag ments fro m agarose 
 
Nucl ei c aci ds  bi nd specifically t o t he surface of  gl ass  or  silica mat erial s  i n t he 
presence of  a  chaotropi c salt.  The bi ndi ng reacti on occurs  due t o t he di srupti on of  t he 
or gani zed struct ure of  wat er  mol ecul es  and t he i nt eracti on wit h t he nucl eic aci ds. 
Thus  t he adsorpti on t o t he specificall y pretreat ed spherical  silica matri x i s  favored. 
Si nce t he bi ndi ng pr ocess  i s  specific f or  nucl eic aci ds,  t he bound mat erial  can be 
separat ed and purified fro m i mpurities  e. g.  salts and pr ot ei ns,  by a  si mpl e washi ng 
step. Nucl eic aci ds el ute from t he matri x i n a l ow salt buffer or wat er.  
Isol ation of  DNA fragment  from agarose gels  was  perfor med usi ng t he Agarose Gel 
DNA  Extracti on Kit,  Roche,  whi ch uses  t he above menti oned pri nci pl es, f oll owi ng 
instructi ons of t he manufact urer.  
 A slice cont ai ni ng t he desired DNA band was  excised from t he gel.  The gel 
slice was  pl aced i n a 1. 5 ml  eppendorf  t ube,  and wei ghed.  Three ti mes  of  t he 
agarose vol ume sol ubilizati on buffer was added t o one vol ume of t he gel.  
 10 μl of silica suspensi on was added t o t he sa mpl e and sa mpl e was vortexed.  
 The gel  slice was  i ncubat ed at  56º C f or  10 mi nut es  t o di ssol ve t he agarose. 
To hel p gel dissol uti on t he t ubes were vortexed every 2 mi nut es.  
 Aft er  t he gel  slice was  di ssol ved co mpl et el y,  t he sol uti on was  centrifuged for 
1 mi nut e at maxi mu m speed, t hen t he supernat ant was discarded.  
 The matri x cont ai ni ng DNA was  resuspended wit h 500 μl  nucl ei c aci d 
bi ndi ng buffer.  
 Sol uti on agai n was centrifuged and supernat ant was discarded.  
 Re mai ni ng pellet  wit h bound DNA was  washed t wi ce wit h 500 μl  washing 
buffer, centrifugi ng and discardi ng supernat ant each ti me.  
 Pellet  re mai ni ng after  washi ng st ep was  l et  t o dry at  r oo m t e mperat ure,  until 
the matri x col our t urned to bri ght white.  
 Then el uti on st ep was  perfor med,  30 μl  of  redistilled wat er  ( pH 8. 5)  was 
added t o t he dr y pellet  and it  was  i ncubat ed f or  10 mi nut es  at  56 º C,  vort exing 
every 2-3 mi nut es.  
 Subsequentl y,  eppendorf  tube wit h sol uti on was  centrifuged f or  30 seconds  at 
maxi mu m speed.  
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2. 2. 9 DNA Sequenci ng 
 
The sequenci ng met hod i s  based on t he use of  modified nucl eoti des,  so called 2` ,  3` -
di deoxyl  anal ogs.  These speci al  nucl eoti des  l ack a hydr oxyl  resi due at  t he 3` positi on 
of  t he deoxyri bose.  When DNA pol ymerase adds  nucl eoti des  i nt o a DNA chai n 
through its  5` tri phosphate gr oups,  t he absence of  a hydr oxyl  gr oup on a di deoxyl 
anal og avoi ds  t he f or mation of  a  phosphodi ester bond wit h an adj acent  nucl eoti de, 
leadi ng t o a st op i n el ongati on.  As  t he concentration of  t he anal ogs  i s ver y l ow, 
ter mi nati on happens  j ust occasi onall y.  Wit h f our different  anal ogous  nucleoti des  i n 
four  separate reacti ons,  nu mer ous  fragments  correspondi ng t o every base positi on 
wi ll  be synt hesized.  As  f luorescentl y l abelled primers  were used,  ne wl y synt hesi zed 
DNA fragments  are marked and t he sequence can be det ect ed by excitation wit h a 
laser and det ecti on wit h phot odi odes in a sequencing machi ne.  
The achi eved pl as mi ds  were verified by DNA sequenci ng usi ng Bi g Dye Ter mi nat or 
v 3. 1 Cycl e Sequenci ng Kit  ( Applied Bi osyste ms).  The sequence reacti on was 
prepared i n a sterile PCR tube by addi ng t he compounds shown bel ow.  
 
Contents Amount  Vol ume, μl 
Bi g dye reacti on mi x X 2 
5X sequence mi xt ure X 2 
Te mpl at e DNA 360 ng 4 
Pri mer T7  25 mM 0. 5 
Wat er X 1. 5  
Tot al reacti on vol ume X 10 
 
The sequence reacti ons  were perfor med usi ng a t her mal  cycl er  wit h t he f oll owi ng 
pr ogra m:  
Cycl es Te mperat ure Ti me 
1 95 º C 5 mi nut es 
40 95 º C 10 seconds 
 55 º C 10 seconds 
 60 º C 4 mi nut es 
Fi nal ext enti on 4 º C  
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2. 2. 10. Ali gnment of sequences 
 
Nucl eoti de ali gnments were made wit h BLAST t ool,  availabl e at 
htt p:// www. ncbi. nl m. ni h.gov/ BLAST/ (nucleoti de-nucl eoti de BLAST (bl astn)). 
 
2. 2. 11. Protei n expression i nducti on 
 
Fresh pl at es  cont ai ni ng bact eria BL21( DE3) pLysS col oni es  harbouri ng pET30a 
vect or  wit h cl oned p60-kat ani n and pET30a without  any i nsert  (used f or  control) 
were prepared.   A si ngl e col ony from each pl at e was  pi cked and i nocul ated i nt o 10 
ml  LB ( cont ai ni ng kana myci n)  i n Fal con t ube and l eft  for  overni ght gr owt h at 
vi gorous  shaki ng at  37°C.  Next  day,  2 ml  of  overni ght  cult ure was  dil uted wit h LB 
medi a and pl aced i nt o 250 ml  Erl enmeyer  fl ask.  Cult ure was  i ncubat ed with shaki ng 
at  37° C until  t he OD6 00  reaches  a val ue bet ween 0. 6 and 0. 8.  Aft er  t hat,  cells  were 
induced wit h 0. 5 mM I PTG and grown for 12 hours, taki ng sa mpl es duri ng t his ti me.  
 
2. 2. 12. Cell fracti on analysis 
 
2. 2. 12. 1. Tot al cell protei n anal ysis 
 Foll owi ng i nducti on,  1 ml  cell  cult ure f or  i nduction anal ysis  was  coll ect ed by 
centrifugati on for 5 mi nutes at 14000 x g i n a mi crof uge.  
 Supernat ant  was  di scarded.  Pellet  was  mi xed wi th 50 μl   2X SDS sa mpl e 
buffer. 
The rest  of  t he pr ocedure i s  expl ai ned i n t he SDS- PAGE met hodol ogy present ed 
bel ow.  
 
2. 2. 12. 2 Sol ubl e total cell protei n anal ysis 
 
 Foll owi ng i nducti on,  1 ml  cell  cult ure f or  i nduction anal ysis  was  coll ect ed by 
centrifugati on for 5 mi nutes at 14000 x g i n a mi crof uge.  
 Supernat ant  was  di scarded.  Cell  pellet  was  co mpl etel y resuspended i n 1 ml  of 
ice-col d 20 mM Tris- HCl pH 7. 5.    
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 Suspensi on was i ncubat ed at -80 °C overni ght.  
 Next day, it was thawed on ice.  
 The entire l ysat e was  centrifuged at  14, 000×g f or  10 mi nut es  t o separat e t he 
sol ubl e and i nsol ubl e fracti ons.  
 The supernat ant  was  concentrated wit h TCA (t richl oracetic aci d)  met hod 
whi ch is as follows:   
o 100 μl  ( 1/ 10 vol ume)  of  100 % TCA ( w/ v)  was added t o 1 ml  of 
supernat ant and vortexed. Sa mpl e was pl aced on ice for 15 mi nut es.  
o Then it  was  centrifuged at  14000 x  g f or  10 mi nut es  and t he 
supernat ant was re moved.  
o Pellet  was  washed t wi ce wit h 100 μl  of  acet one,  t he mi xt ure was 
vortexed,  centrifuged f or  5 mi nut es  ( 14, 000 ×g)  and supernant ant 
di scareded.  
o Fi nall y pellet  was  all owed t o air  dry t horoughl y by l eavi ng t he t ube 
open on t he bench t op.  
 
2. 2. 13. El ectrophoresis of protei ns on SDS- pol yacryl a mi de gels 
 
To separat e pr ot ei ns  by si ze,  sodi um dodecyl  sulfate pol yacryl ami de gel 
el ectrophoresis  ( SDS- PAGE)  was  perfor med i n a vertical  gel  cha mber.  This met hod 
is based on a t wo gel layer syste m: a stacki ng gel and a separati ng gel.  
 
   Sol uti on for prepari ng 12. 5 % separati ng gels 
Contents Vol ume 
30 % acryl a mi de* 2. 08 ml  
1, 5 M Tris, pH 8. 8 1. 25 ml  
wat er 1. 56 ml  
10 % SDS 50 μl  
10 % APS 30 μl  
TE MED 10 μl  
 
 30 % acr yl a mi de was prepared by dissol ving acryl a mi de and N, N’ -
met hyl enbisacryl a mi de in wat er. 
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   Sol uti on for prepari ng 5 % stacki ng gels 
Contents Vol ume 
30 % acryl a mi de 0. 33 ml  
0. 5 M Tris, pH 6. 8 0. 5 ml  
wat er 1. 13 ml  
10 % SDS 20 μl  
10 % APS 10 μl  
TE MED 5 μl  
 
The a mounts  depi cted above are sufficient  t o make 1 mi ni  gel  i n a  cassette from 
Bi o Worl d Wor ki ng qui ckl y,  t he sol uti on was  applied i nt o t he gel  cassette up t o ± 6. 5 
c m,  and t he l ast  ± 2. 5 cm of  t he cassette was  filled wit h i sopropanol.  The gel  was 
pol ymeri zed f or  at  l east  30 mi nut es,  and t he i sopropanol  was  carefull y re moved.  The 
stacki ng gel  sol uti on was directl y poured i nt o t he gel  cassette,  and t he gel  co mb was 
pl aced t o f or m t he sl ots. The st acki ng gel  was  pol ymeri zed f or  at  l east  30 mi nut es, 
and used on t he sa me day.  
The sa mpl es  cont ai ni ng pr ot ei ns  were resuspended i n 2X sa mpl e buffer.  The sa mpl es 
were denat urated f or  5 mi nut es  at  95º C and 7. 5 μl  of  each sa mpl e was  l oaded 
i mmedi at el y on t he SDS PAGE gel. 
       2X Sa mpl e buffer  
Content Concentrati on Amount  
Tris/ HCl pH 6. 8,  0. 125 M 2. 5 ml (of 0. 5 M)  
SDS  4 % 4 ml (of 10 %)  
Gl ycerol 20 % 2 ml (of 100 %)  
β- mercapt oet hanol  10 % 1 ml (of 100 %)  
Br o mophenol bl ue 0. 05 % 5 mg 
Wat er  up t o 10 ml  
 
El ectrophoresis was  carried out  i n Tris-gl yci ne el ectrophoresis buffer.  The 
el ectrophoresis was  di vided i n t wo st eps.  Duri ng t he first  st ep,  t he pr ot eins  were r un 
in t he st acki ng gel  f or  15 mi n at  150 V,  250 mA,  25 W.  I n t he second st ep,  t he 
pr ot ei ns  were separat ed by si ze r unni ng t hrough the pores  of  t he separating gel  f or 
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105 mi n at  100 V,  250 mA,  25 W.  As  mol ecul ar  wei ght  mar ker  Page Rul er ™ 
Prestai ned Pr ot ei n Ladder,  Fer ment as,   was  used,  cont ai ni ng mar ker  pr ot eins  from 10 
to 170 kDa.  
   Tris-gl yci ne runni ng buffer 
Content Concentrati on Amount  
Tris 0. 025 M 3g 
Gl yci ne 0. 192 M 14. 4 g 
SDS 0. 1 % 10 ml (of 10 %)  
wat er  up t o 1 liter 
 
SDS- PAGE was  st ai ned in st ai n sol uti on f or  40 seconds  i n a  mi crowave and 3 mor e 
mi nut es  at  room t e mperature on a  r ocker.  It  was  dest ai ned i n dest ai n sol ution f or  50 
seconds in t he mi crowave and 3 hours at room t emperat ure on a rocker.  
   
                    Stai n sol ution - Coo massi e Brili ant Bl ue ( CBB) stai n 
Content Concentrati on 
CBB R- 250 0. 1 % 
Met hanol  50 % 
Acetic aci d 10 % 
Wat er up t o fi nal conc.  
 
                                                 Destai n sol uti on  
Content Concentrati on 
Met hanol  5 % 
Acetic aci d 10 % 
Wat er up t o fi nal conc.  
 
 
2. 2. 14. Met al affi nity purificati on of 6xHi s tagged p60- kat ani n 
 
In met al  affi nit y purification,  ni ckel  (or  ot her  met al  i on,  e. g.  copper,  zi nc,  cobalt)  and 
i mi dazol e ri ng bi ndi ng is used t o purify Hi s-tagged pr ot ei ns.  I mmobilized- met al 
affi nity chromat ography (I MAC)  was  first  used to purify pr ot ei ns  i n 1975 usi ng t he 
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chel ati ng li gand i mi nodiacetic aci d.  No w,  nitril otriacetic aci d ( NTA)  i s  wi der  used 
because it  occupi es  f our  of  t he si x li gand bi ndi ng sites  i n t he  coor di nati on sphere of 
the ni ckel  i on,  l eavi ng t wo sites  free t o i nteract  wit h t he 6xHi s  tag whil e 
i mi nodi acetic aci d occupi es  onl y t hree li gand bi ndi ng sites  of  ni ckel i on and, 
therefore, the bond is weaker.  
When l ysat e i s  mi xed with Ni - NTA ( ni ckel-nitriloacetic aci d)  agarose,  nickel  bi nds 
i mi dazol e ri ng struct ure of  hi sti di ne ( Fi g.  2. 4).  In el uti on st ep,  hi ghl y concentrat ed 
i mi dazol e i n t he el uti on buffer  repl aces  hi sti di ne and hi sti di ne t agged pepti de i s 
el ut ed.  
 
 
Fi gure 2. 4: I mi dazol e ring struct ure and histi di ne. 
 
Purificati on of p60-katanin was made under nati ve conditi ons.  
 200 ml  of  I PTG i nduced bact erial  cult ure was  gr own f or  12 hours  and 
centrifuged for 5 mi nut es at 14000 x g.  
 The supernat ant was discarded and t he pellet was overni ght frozen at -80o C.  
 Next  day,  it  was  t ha wed on i ce,  resuspended i n 1 ml  l ysis  buffer  (see section 
2. 1. 3 ‘ ‘Buffers’ ’) and centrifuged  for 10 mi nut es at 14000 x g.  
 12 μl sa mpl e of l ysate was taken for furt her SDS- PAGE anal ysis.   
 200 μl  of  50 % Ni - NTA agarose was  added t o t he l ysat e and t he mi xt ure was 
gentl y mi xed for an hour in t he eppendorf t ube at +4
o
C.   
 Then it  was  shortl y spi nned t o pellet  t he resi n and supernat ant  ( whi ch i s  also 
called fl ow-t hrough,  si nce it  passes  t hrough t he resi n)  was  transferred t o t he 
fresh t ube for SDS- PAGE anal ysis.  
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 The resi n was  washed twi ce wit h 1 ml  of  wash buffer  (see secti on 2. 1. 3 
‘ ‘Buffers’ ’).  It  was  spi nned shortl y after  each wash st ep and t he supernatant 
was taken for SDS- PAGE anal ysis.  
 Fi nall y,  t he pr ot ei n was  el ut ed 4 ti mes  wit h 100 μl  el uti on buffer  (see section 
2. 1. 3 ‘ ‘ Buffers’ ’).  Short spi n was  done after  each el uti on st ep and the 
supernat ant cont ai ni ng purified prot ei n was taken to a fresh t ube.  
 
2. 2. 15. Western bl ot 
 
West ern bl otti ng pr ocedures  i nvol ve t he transfer  of  prot ei ns  t hat  have been separat ed 
by gel  el ectrophoresis ont o a me mbrane,  foll owed by i mmunol ogi cal  detecti on of 
these pr ot ei ns.  For  i mmunol ogi cal  det ecti on t wo l ayers  of  anti body are utilized.  The 
pri mar y anti body i s  direct ed agai nst  t he t arget  anti gen.  The secondary anti body i s 
specific for  t he pri mar y anti body;  it  i s  usuall y conj ugat ed t o an enzy me such as 
al kali ne phosphat ase (AP)  or  horseradish peroxi dase ( HRP),  and an enzy me-
substrate reacti on i s  part  of  t he det ecti on pr ocess.  Anti body i ncubati ons  are generall y 
carried out  i n anti body buffer  cont ai ni ng Tris  buffered sali ne wit h Tween ( TTBS) 
and a  bl ocki ng reagent.  Col ori metric AP syst e ms use sol ubl e 5- bromo- 4-chl oro-3-
indol yl  phosphat e ( BCI P)  and nitrobl ue t etrazoli um ( NBT)  as  substrates  t o pr oduce a 
stabl e reacti on product (indi go dye and i nsol ubl e for mazan) t hat will not fade . 
 
 SDS- PAGE i s  done.  15 % gel  was  prepared.  If  usuall y 7. 5 μg of  sa mpl e was 
loaded, for West ern bl ot 25 μg was l oaded.  
 El ectrophoresis was  done until  all  of  t he dye (sampl e buffer)  has  l eft  t he gel. 
Then t he current was shut down.  
 The PVDF me mbr ane was  prepared f or  West ern bl ot,  i. e.  it  was  soaked i n 
met hanol  and i mmedi at ely pl aced i nt o transfer  buffer  and kept  t here f or  10 
mi nut es.  
 The gel  was  pl aced i n t he ‘ ‘sandwi ch’ ’  cha mber  with 2 fi ber  pads  and 2 filter 
papers  and prepared PVDF me mbr ane (fi ber  pad/filter  paper/ PVDF 
me mbr ane/ gel/filter paper/fi ber pad) all soaki ng i n transfer buffer.  
 The trans-bl ot was run at 4° C (i n t he col d room) at 40 V overni ght.  
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 Next  day t he me mbrane was  bl ocked wit h bl ocki ng sol uti on on t he shaker 
overni ght  at  4°  C (i n t he col d r oo m).  Pr ot ei ns  in mil k cont ai ni ng sol ution 
bl ock unoccupi ed sites on t he me mbrane.  
 Then it was washed for 10 mi nut es wit h TTBS soluti on.  
 Aft er  t hat  it  was  i ncubat ed wit h pri mar y antibody i n bl ocki ng buffer 
overni ght at 4° C (i n t he col d room).  
 Was h wit h TTBS for 10 mi nut es foll owed.  
 Then t he me mbrane was  i ncubat ed wit h secondary anti body i n bl ocking 
sol uti on for 1 hour at room t e mperat ure.  
 Aft er t hat it was washed t wi ce for 10 mi nut es with TTBS.  
 Then wash f or  10 mi nutes  wit h TBS i n or der  to get  ri d of  t he det ergent 
present i n TTBS was perfor med.  
 Fi nall y me mbrane was  soaked i nt o NBTC/ BCI P sol uti on and kept  until  the 
bands  were seen.  Thi s  l ast  st ep was  perfor med i n the dark r oom.  The reaction 
was st opped by addi ng wat er. 
 Me mbr ane was dried at roo m t e mperat ure i n t he dark room.  
Sol uti ons for western blot: 
    Transfer buffer 
Substance Concentrati o
n 
Amount  
Gl yci ne 39 mM 3 g 
Tris 48 mM 7. 5 g 
SDS 0. 037 % 0. 037 g 
Met hanol  20 % 200 ml  
Wat er  up t o 1 l 
 
TBS 1x 
Substance Amount  
Na Cl  2. 4 g 
KCl  0. 06 g 
Tris 0. 9 g 
Phenol red  
Wat er  up t o 300 ml      pH 7. 4 
 
TTBS 
Substance Concentrati on Amount  
Tween 20 0. 05 % 90 μl  
TBS x up t o 180 ml  
 
 
 
 36 
Bl ocki ng sol uti on 
Substance Concentrati on Amount  
Non-fat dry mil k 3 % 0. 9 mg 
TBS x up t o 30 ml  
 
Fi rst anti body sol uti on 
Substance Concentrati on Amount  
Anti His6 ( mouse) 100 μg/ ml  20 μl  
Non-fat dry mil k 3 % 0. 3 mg 
TTBS x up t o 10 ml  
 
Second anti body sol uti on 
Substance Concentrati on Amount  
Goat AP conj ugate (anti-mouse) 1: 10. 000 1 μl  
Non-fat dry mil k 3 % 0. 3 mg 
TTBS x up t o 10 ml  
 
 
2. 2. 16. Bradf ord protein deter mi nati on assay 
 
The Br adford Reagent  can be used t o det er mi ne t he concentration of  prot ei ns  i n 
sol uti on.  The Br adford assay wor ks  by t he acti on of  Coo massi e brilliant  blue G- 250 
dye ( CBB- G).   Thi s  dye specificall y bi nds  t o pr ot ei ns  at  argi ni ne,  trypt ophan, 
tyrosi ne,  hi sti di ne and phenyl al ani ne resi dues.   It  shoul d be not ed t hat  t he assay 
pri maril y responds  t o argi ni ne resi dues  (ei ght  t i mes  as  much as  t he other  listed 
resi dues).  CBB- G bi nds  t o t hese resi dues  i n t he ani oni c f or m,  which has  an 
absorbance maxi mu m at  595 n m.   The free dye in sol uti on i s  i n t he cationi c f or m, 
whi ch has  an absorbance maxi mu m at  470 n m.   The assay i s  monit ored at  595 n m i n 
a spectrophot omet er, and thus measures t he CBB- G compl ex wit h the prot ein. 
Ho me made Bradford reagent was used. It was prepared as foll ows:  
 
Content Amount  
CBB G- 250 50 mg 
Et hanol (pure) 25 ml  
85 % phosphori c aci d 50 ml  
Wat er up t o 500 ml  filter through t he filteri ng paper  
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First  t he st andard cur ve was  dra wn.  St andard sampl es  f or  t he cur ve were prepared 
usi ng bovi ne serum al bumi ne ( BSA)  wit h t he f ollowi ng concentrations:  2 μg/ ml;  5 
μg/ ml; 8 μg/ ml; 12 μg/ ml ; 15 μg/ ml.  
Unknown (i. e.  assayed)  sa mpl es  were prepared addi ng 10 μl  of  purified p60- kat ani n 
recei ved after el uti on t o 1 ml of t he Bradford reagent.  
Absor bance was  measured wit h Beck man spectrophot omet er.  It  det er mi nes 
concentration of  assayed sa mpl e on t he basis  of  the st andard cur ve and readil y gi ves 
the results. 
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3. RESULTS 
3. 1 Cl oni ng of p60- kat ani n  
 
p60- kat ani n cl oned i nt o pCR2. 1- TOPO (Invitrogen)  vect or  was  used as  the  st arti ng 
mat erial.  
ATG, 6xHis, 
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Fi gure 3. 1:  Sche me  of  p60 subcl oni ng.   P60- kat ani n i s  cut  wit h Hi nd III  and Eco RI 
from PCR2. 1 -  TOPO vect or  (l eft  above)  and subcl oned i nt o pET- 30a expressi on 
vect or  (ri ght  above).  Resulti ng construct  where p60 i s  f used t o Hi s-tag i s  shown at 
the bott om of  t he pi ct ure.   p60 sequence part  i s written i n bi g l etters;  i t  changes 
orient ation aft er  subcl oning.  A part  of  PCR2. 1 -  TOPO vect or  sequence cont ai ni ng 
st op codon i n non-codi ng strand is written i n s mall letters. 
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Hi nd III  and Eco RI  restricti on endonucl eases  were chosen t o be most  appr opri at e  
ones  alt hough Hi nd III  cuts  bet ween 577- 578bp i n p60 subunit  (862 bp i n t ot al).  
Ho wever,  t his  was  accept ed and 578 bp of  p60 were subcl oned i nto pET30a 
( Novagen) expressi on vect or. 
 
 
  
 
Fi g.  3. 2:   Restricted i nsert  and expressi on vect or  DNAs  extract ed from agarose gel 
and r un on a  gel  agai n.  Lane 1 -  pET30a vect or r estricted wit h R buffer,  Lane 2 - 
pET30b vect or  restricted wi t h Y buffer,  Lane 3 -  p60 restricted from pCR 2. 1- TOPO 
wi t h R buffer,  Lane 4 -  p60 restricted from pCR 2. 1- TOPO wit h Y buffer  ( poi nt ed 
by arrow).   
 
Restricti on of  pET 30a expressi on vect or  wit h EcoRI  and Hi nd III  resulted i n one 
cl ear  fragment  bet ween 5- 6 kb,  whi ch corresponds  t o vect or  si ze and restricti on of 
T/ A cl oni ng vect or  wit h cl oned p60 subunit  resulted i n several  fragments:  about  4kb, 
about  600 bp,  about  300 bp,  whi ch corresponds  to predi cted fragment  si zes.  Bef ore 
ligati on,  DNA extract ed from gel  was  agai n r un on agarose gel  i n or der t o check 
whet her  its  a mount  was sufficient  for  li gati on (Fi g.  3. 2).  Li gati on was  perfor med 
addi ng maxi mu m possi ble a mount of i nsert DNA int o 10 μl reacti on vol ume.  
Aft er  li gati on,  t he constructs  were transfor med i nto co mpet ent  cells of   E. coli  XL1 
Bl ue strai n and transformant s  were sel ect ed from sel ecti ve anti bi otic plat es.  Aft er 
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purifyi ng t he pl as mi ds  restricti on anal ysis was  perfor med t o confir m cl oni ng ( Fi g. 
3. 3).  Fragments  cl ose by si ze t o vect or  part  (5.5 kb)  and p60 i nsert  part  ( 585 bp) 
appear after restricti on.  
 
 
Fi g.  3. 3:   Restricted purified transfor mant  pl as mi ds.  All  t hree sa mpl es  (lanes  1,  2,  3) 
are cut  t o pr oduce t wo seg ment s:  one i n t he regi on bet ween 5- 6 kb and another  i n t he 
regi on of 600 bp.  
 
Aft er  preli mi nary control  by restricti on anal ysis,  DNA sequence det er mi nati on was 
used t o confir m i nfra me i nserti on and correct  orient ation of  p60 subunit. Obt ai ned 
sequence was  ali gned with a t heoretical  one.  Sequenci ng results and align ment  are 
present ed i n t he Appendix,  Fi g.  A. 1 and Fi g.  A. 2,  respecti vel y.  No shift mut ati on 
was  observed.  There i s  a mut ati on from  gl ut a mine t o argi ni n ( bot h gl uta mi ne and 
argi ni n are pol ar a mi no aci ds). 
 The resulti ng expressi on pl as mi d ( pET30a-p60) pr oduced a  f usi on pr otei n wit h a 
pol yhisti di ne resi due.  
 
3. 2. Expressi on studi es 
 
In or der  t o express  p60-kat ani n,  obt ai ned construct  of  p60- pET30a was  t ransfor med 
int o expressi on strai n of  E. coli   BL21( DE3) pLysS.  I PTG t o a  fi nal  concentrati on of 
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0. 5 mM was  added t o transfor med bact erial  culture gr owi ng i n LB medi a at  r oo m 
temperat ure t o i nduce prot ei n expressi on.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fi g.  3. 4:  SDS- PAGE anal ysis of  t ot al  pr ot ei n sa mpl es  ( bands  of  over-expressed 
pr ot ei n are poi nt ed by t he arrows). 
 
Lane 1: pET30a-p60 uninduced, 0 hour;  
Lane 2: pET30a uni nduced 0 hour;  
Lane 3: pET30a-p60 i nduced, 1 hour;  
Lane 4: pET30a-p60 i nduced, 2 hour; 
Lane 5: pET30a-p60 i nduced, 4 hour;  
Lane 6: pET30a-p60 i nduced, 5 hour;  
Lane 7: pET30a-p60 i nduced, 7 hour;  
Lane 8: pET30a-p60 i nduced, 10 hour;  
Lane 9: pET30a-p60 i nduced, 12 hour;  
Lane 10: pET30a i nduced, 3 hour;  
Lane 11: pET30a, i nduced, 7 hour;  
Lane 12: pET30a, i nduced, 10 hour.  
 
At  vari ous ti mes after IPTG i nducti on (from 0 t o 12 hours), a prot ei n of 35 kDa was  
det ect ed i n pr ot ei n sampl es  obt ai ned from cell  pellet.  The expression of  p60 
increased wit h ti me and was  maxi mal  at  about  12 h after  I PTG i nduction:  at  first 
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hour  it  i s  very little but  after  four  hours  of  i nduction,  t he expressed pr ot ei n beco mes 
very di sti nguishabl e.  No expressed pr ot ei n was  found i n t he control  sampl es  ( Fi g 
3. 4.),  cont ai ni ng onl y pET30a vect or  wit hout  p60- kat ani n i nsert.  No expressed 
pr ot ei n was observed i n uni nduced sa mpl es as well. 
In or der  t o check whet her  over-expressed p60- katani n i s  i n t he sol ubl e fracti on,  cells 
were di srupt ed by freezi ng and t ha wi ng.  Sol ubl e and i nsol ubl e fractions  were 
separat ed by centrifugation and sa mpl es  were agai n anal yzed by SDS- PAGE.  The 
results show t hat most of p60 subunit is in sol ubl e fracti on (see Fi g. 3. 5.). 
 
 
 
 
 
 
Fi g. 3. 5: SDS- PAGE analysis of sol ubl e and i nsolubl e fracti ons.  
 
Lane 1: sol ubl e fracti on of pET30a-p60, 4 hour;  
Lane 2: sol ubl e fracti on of pET30a-p60, 8 hour;  
Lane 3: sol ubl e fracti on of pET30a-p60, 12 hour;  
Lane 4: insol ubl e fraction of pET30a-p60, 4 hour;  
Lane 5: insol ubl e fraction of pET30a-p60, 8 hour;  
Lane 6: insol ubl e fraction of pET30a-p60, 12 hour;  
Lane 7: total prot ei n pET30a-p60 4 hour;  
Lane 8: total prot ei n pET30a-p60 8 hour;  
Lane 9: total prot ei n pET30a-p60 12 hour;  
Lane 10: t otal prot ei n pET30a  12 hour;  
Lane 11: sol ubl e fracti on of pET30a 12 hour;  
Lane 12: i nsol ubl e fraction of pET30a 12 hour.  
 
                    supernat ant                 pellet                     total                    control  
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Amount  of  sol ubl e pr ot ein see ms  t o i ncrease pr oporti onall y t o t he a mount  of  t ot al 
pr ot ei n.   Control  sa mpl es  ( bact erial  cult ure contai ni ng onl y pET30a,  without  p60 
insert)  do not  expose over-expressed pr ot ei n neit her  i n sol ubl e,  nor  i n i nsol ubl e 
fracti ons. 
 
3. 3. Purificati on of p60-kat ani n under nati ve conditi ons 
 
Si nce st udi es  of  sol uble and i nsol ubl e fracti ons  showed t hat  most  of expressed 
pr ot ei n i s  i n sol ubl e st ate,  it  was  deci ded t o purify t he Hi s  t agged pr otei n under 
nati ve conditi ons.   All  purificati on st eps  are given i n det ail  i n t he Ma terials  and 
Met hods part.  
At  each purification st ep,  t he sa mpl es  were t aken and were f urt her  analysed wit h 
SDS- PAGE (see Fi g. 3. 6).  
 
 
 
 
 
 
 
Fi g. 3. 6: SDS- PAGE analysis of purified p60- katani n (under nati ve conditions). 
 
Lane 1: lysat e of bact erial cult ure (see Mat erials and Met hods part for det ails);  
Lane 2: lysat e fl ow-t hrough;  
Lane 3: 1
st
 wash fracti on;  
Lane 4: 2
nd
 wash fracti on;  
Lane 5: 1
st
 el uat e;  
Lane 6: 2
nd
 el uat e;  
Lane 7: 3d el uat e;  
Lane 8: 4
t h
 el uat e;  
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Lane 9: used Ni- NTA agarose;  
Lane 10: t otal prot ei n  pET30a- p60 after 12 h growt h;  
Lane 11: t otal prot ei n  pET 30a ( wit hout p60 i nsert) after 12 h growt h.  
 
 
Ver y disti nct  prot ei n band i s  seen i n t he first  fraction of  el uti on.  In or der  to be sure, 
that  t he purified pr ot ei n is t he sa me  as  t he overexpressed one,  t he control  sa mpl es 
cont ai ni ng t ot al  prot ei n fracti ons  from bact eria cult ures  wit h pET30a-p60 construct 
and pET30a vect or  onl y were applied t o t he SDS- PAGE gel  as  well.  It  i s  clearl y seen 
that  overexpressed band observed i n pET30a- p60 sa mpl e and mi ssi ng i n pET30a 
sa mpl e ( not  cont ai ni ng p60 i nsert)  i s  of  t he sa me  size as  purified one.   Less  pr ot ei n i s 
obt ai ned i n second and t hird fracti ons  of  el uti on and very little pr ot ei n i n t he f ourt h 
fracti on of  el uti on.  So me of  used Ni - NTA agarose was  applied t o SDS- PAGE gel  as 
well,  i n or der  t o check whet her  all  t he pr ot ei n was  el ut ed wit h t he el ution buffer. 
Agai n,  onl y hardl y vi si ble pr ot ei n was  present,  whi ch means  t hat  most  of  the pr ot ei n 
was el ut ed.  
Br adf ord assay shows  t hat  pr ot ei n concentration obt ai ned aft er  first  el uti on reached 
0. 50 μg/ ml,  concentration aft er  second el uti on reached 0. 12 μg/ ml.  Pr ot ei n 
concentration i n fourt h eluat e was under det ecti on li mit.  
 
3. 4. Western bl ot anal ysis 
 
In or der  t o be sure t hat  purified pr ot ei n i s  reall y the Hi s  t agged p60- katanin,  West ern 
bl ot  anal ysis was  carried out.  0. 0001 μg of  pri mary anti body was  l oaded on t he SDS-
PAGE t o check whet her  secondary anti body recogni zes  pri mar y anti body.  Thi s 
sa mpl e gave t he most  disti nct  si gnal  (see Fi g.  3.7).  Sa mpl es  of  t ot al  pr otei n fracti on 
taken from bact erial  culture gr own after  i nducti on wit h I PTG f or  12 hours and of 
purified pr ot ei n (after  first  el uti on)  also gave signals  of  Hi s  t agged pr otei n of  t he 
expected size.  
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Fi g. 3. 7: West ern bl ot anal ysis of t otal prot ei n fracti on and purified prot ei n.  
 
Lane 1: His6 anti body ( mouse) 
Lane 2: Tot al prot ei n fracti on of pET30a-p60 grown for 12 hours (positi ve control) 
Lane 3: Purified prot ei n (after first el uti on) 
Lane 4: Tot al prot ei n fracti on of pET30a grown for 12 hours (negati ve control)
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4. DISCUSSI ON 
4. 1. Sequenci ng of the pET30- p60 construct 
 
As  it  was  menti oned i n t he Results secti on,  mut ation ( puri ne-puri ne)  was  found aft er 
havi ng sequenced ne w construct  pET30a-p60.  It   resulted i n gl ut a mi ne i nst ead of 
argi ni n.  Any mut ati on resulti ng i n a mi no aci d change can affect  acti vity of  t he 
expressed pr ot ei n.  Ho wever,  our  ai m was  t o overexpress  p60- kat ani n  f or  anti body 
pr oducti on.  Anti body-antigen fit  strongl y t oget her  due t o co mpl e ment arity i n shape 
over  a wi de area of  contact  and coval ent  bondi ng does  not  t ake pl ace i n thi s  cont act 
( Roitt,  1997).  Gl ut a mi ne and ar gi ni ne are bot h hydr ophilic a mi no aci ds,  so any of 
the m woul d supposedl y be  exposed on t he surface.  Therefore,  pepti de struct ure 
shoul d not be dist orted significantl y by t he mut ation.  
 
4. 2. SDS- PAGE anal ysis of total protei n fracti on 
 
Fi g.  3. 4.  shows  an overexpressed pr ot ei n of  about  35 kDa  i n t he sa mpl es  cont ai ni ng 
pET30- p60 construct.  Mol ecul ar  wei ght  of  subcloned p60- kat ani n shoul d be  about 
22 kDa  ( 21888 Da).  When Hi s-tag i s  f used t o it,  its  wei ght  becomes  30 k Da 
(29646. 39 Da).  Ho wever,  SDS- PAGE anal ysis  (12. 5 % SDS- PAGE gel)  shows  t hat 
overexpressed pr ot ei n has  hi gher  wei ght.   A l onger  t han expect ed pr ot ei n mi ght  be 
pr oduced si nce bact eria may not  recogni ze t he first  st op codon and ext end transl ati on 
pr ocess  f urt her  ( Gu et  al .,  2001).  Anot her  reason mi ght  be t he fact  t hat  SDS- PAGE 
shows  appr oxi mat e molecul ar  wei ght  of  t he pr ot ei n,  it  mi ght  see m different 
dependi ng on t he concentration of t he gel.  
 
4. 1. Factors affecti ng sol ubility of expressed p60- kat ani n 
 
Escheri chi a coli  i s  t he simpl est  and by far  t he most  wi del y used or ganis m for  pr ot ei n 
expressi on.  Ho wever,  it  lacks  post-translational  modificati ons  and t his  results i n l ow 
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sol ubilit y of  most  of  t he eukaryotic pr ot ei ns  i n E.  coli.  p60-  kat ani n was  previ ousl y 
atte mpt ed t o be expressed i n E. coli.  Unf ort unat ely,  it  t urned out  t o be i n i nsol ubl e 
for m ( Hart man et  al.,  1998).  It  i s  generall y difficult  t o i mpr ove t he expressi on and 
sol ubilit y l evels  of  a  reco mbi nant  pr ot ei n because t hese pr operties  i nherentl y depend 
on t he a mi no aci d sequence of  t he pr ot ei n.  The a mi no aci d sequence i n t ur n 
det er mi nes  t he physi cal  properties  of  t he prot ei n,  i ncl udi ng its  st abilit y,  pI, 
hydr ophobi cit y,  and mol ecul ar  wei ght,  any or  all of  whi ch mi ght  directl y affect  t he 
expressi on and sol ubility l evels  ( Tsunoda  et  al.,  2005).   Ho wever,  t here i s  al so a 
nu mber  of  fact ors  outsi de i nherent  pepti de charact eristics  t hat  mi ght  affect  pr ot ei n 
sol ubilit y and yi el d i n bact erial  expressi on syst em e. g.  positi on of  t he t ag ( N-  or  C-
ter mi nus)  can have a si gnificant  effect  on sol ubility and yi el d of  t he t arget  pr ot ei n 
(Sachdev,  Chirgwi n,  1998);  prot ei n concentration can effect  its  sol ubility as  well.  At 
hi gh pr ot ei n concentrations,  second-  or  hi gher-order  aggregati on reacti ons  co mpet e 
ki neticall y wit h pr oper f ol di ng,  t hereby reducing t he recovery yi el ds of  nati ve 
pr ot ei ns ( Baneyx, 1999a).  
A nu mber  of  expressi on vect ors  used f or  expressi on differ  from each ot her  and 
therefore,  different  results mi ght  be obt ai ned wit h t he sa me pr ot ein.  Vect ors 
previ ousl y used f or  p60-katani n expressi on di d not  pr oduce sol ubl e pr otei n.  Thi s 
wor k was  t he first  attempt  t o use pET expressi on vect or  f or  p60- kat ani n 
overexpressi on.  The results show t hat  pET expressi on vect or  favours  expressi on of 
sol ubl e p60-kat ani n.  
Si nce a mi no aci d sequence det er mi nes  pr ot ei n charact eristics,  i ncl udi ng its  sol ubilit y, 
the expressed pepti de a mino aci d sequence was anal yzed.  
 
  1  * S * * * * T E N *  K * * R E Y * * * *  N Y D S * * * Y Y Q  * * * D Q * N K Y *  
Y S * K D T H * H Q  K * Q Q * * Q E * N   
 6 1  * E * K H * K E * *  K T * E S * K * D S  T S * K * * Q H E *  * S S E * E * * S *  
* * * * E R R * * *  * * R K R Q S T Q H   
1 2 1  S D * K * H S N R *  * * * * R * H R * S  * Q S * H S D R * K  * * R S R E K K E Q  
S K * R E E K N K *  * * * * T E * E * N   
1 8 1  K * D S T * Y D K D  * * E * * E R D * *  S Q N * N * R * Y D  * * D * * E * K K *  
* Q E * * * * * * *  * * E * * K * * R R    
2 4 1  * * K * * * * * * *  * * T * K T * * * K  * * * T E C K T T *  * N * S S S T * T S  
K Y R * E S E K * *  R * * * E * * R * Y   
3 0 1  S * * T * * * D E *  D S * C S R R * T S  E E H E * S R R * K  * E * * * Q * D * *  
* * * S E N D D * S  K * * * * * * * T N   
3 6 1  * * * D * D E * * R  R R * E K R * Y * *  * * S * K * R E E *  * R * S * R E * E *  
* D D * N * * S * *  E N * E * Y S * * D   
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4 2 1  * T N * C R D * S *  * * * R R R * E * *  T * E E * R N * S R  E E * H * * T T * E  
D * E * * * K K * S  K S * S * * D * E R   
4 8 1  Y E K * * * E * * S  C  
 
Fi g. 4. 1:  Rat  p60- katani n a mi no aci d sequence.  Non- pol ar  ( hydrophobi c)  ami no aci ds 
are repl aced by ast erisks. Cyst ei n i s  mar ked i n grey.  Expressed sequence i s shown i n 
bol d.  C -  t er mi nal  conserved do mai n i s  underli ned.  Ext ensi ve hydr ophobic regi ons 
are poi nt ed by arrows.  
 
 
Pr ot ei n f ol di ng i s  t he process  by whi ch a pr ot ein struct ure assumes  its  functi onal 
shape or  conf or mati on.  Accuracy of  t his  pr ocess  i s  very i mport ant  for  pr ot ei n 
sol ubilit y.  Pr ot ei ns  whi ch l ose t heir  functi onal  shape (i. e.  denat ured pr otei ns)  may 
loose t heir  sol ubility,  and preci pitate,  becomi ng i nsol ubl e soli ds.  The essential 
fol di ng det er mi nant  i s  the a mi no aci d sequence of  t he pr ot ei n.  It  cont ai ns  t he 
infor mati on t hat  specifies  bot h t he nati ve struct ure and t he pat hway t o attai n t hat 
state.  Fol di ng i s  a  spont aneous  pr ocess,  and it  pr oceeds  by  movi ng t he hydr ophobi c 
parts of  t he pr ot ei n i nwards,  and t he hydr ophilic ones  out war ds.   Di sulfi de bond 
for mati on of  cyst ei ns  i s  an i mport ant  part  of  f ol ding as  well.  All  cyst ei n resi dues  are 
left  i n unexpressed part  of  p60- kat ani n ( Fi g.  4. 1.),  whi ch means  t hat  any possi bilit y 
for  wr ong di sulfi de bond f or mati on whi ch mi ght  result  i n i nsol ubilit y i s abolished. 
Consi derabl e hydr ophobic regi on of  pol ypepti de,  poi nt ed by t he arrows  i s  not 
expressed. Leavi ng t his regi on out mi ght also have hel ped t o achi eve sol uble pepti de.  
Vari abl es  of  expressi on conditi ons  t hat  mostl y infl uence i ncl usi on body f or mati on 
are t he gr owt h t e mperature and t he l evel  of  pr omot er  i nducti on.  Bot h appr oaches 
reduce t he synt hesis rate of  overexpressed pr otei n,  eit her  t hrough a  decrease i n 
transcri ption i n t he case of  subopti mal  pr omot er  i nducti on,  or  a  decrease i n 
transcri ption,  transl ation,  i nitiati on and el ongati on i n t he case of  gr owt h at  reduced 
temperat ures ( Baneyx, 1999).  
In t his  wor k,  we  used BL21 ( DE3) pLysS  host  strai n and pET 30a expression vect or. 
Al t hough t he  T7 pol ymerase i s  under  t he control of  I PTG-i nduci bl e  l ac UV5 i n t hi s 
syste m but,  as  it  was  menti oned i n Mat erials and Met hods  secti on,  l eaky expressi on 
of  T7 can happen.  In or der  t o obt ai n sol ubl e pr ot ein t he best  way woul d be not  t o use 
IPTG at  all  ( Gu et  al.,  2001)  whi ch woul d result  in l ower  pr ot ei n yi el d but  i n sol ubl e 
for m.  Ho wever,  our  results showed t hat  uninduced sa mpl es  di d not  show 
overexpressed pr ot ei n band whi ch means  t hat  l eaky expressi on di d not  take pl ace. 
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Expressi on was  i nduced wi t h I PTG up t o 0, 5 mM and resulted i n sol uble pepti de.  It 
shows  t hat  concentration of  overexpressed pept ide under  such i nducti on was  l ow 
enough t o all ow proper fol di ng.  
A t raditi onal  appr oach t o reduce pr ot ei n aggregation i s  most  commonl y by r educi ng 
the culti vati on t e mperat ure ( Baneyx,  1999).  Induced bact erial  cult ures  i n t his  st udy 
were grown at room t e mperat ure whi ch agai n turned out t o be a good choice.  
 
 
4. 4. Purificati on of p60-kat ani n 
 
Purificati on under  nat ural  or  denat urati ng conditi ons  i s  possi bl e usi ng Ni - NTA r esi n. 
We  chose purificati on under  nat ural  conditi ons  since expressed pr ot ei n i s  sol ubl e,  as 
it  was  shown by t ot al sol ubl e and i nsol ubl e fracti on anal ysis.  Moreover,  such 
purificati on does not distort prot ei n confor mati on 
The pot ential  for  unrel ated,  nont agged pr ot ei ns  to i nt eract  wit h t he Ni - NTA r esi n i s 
usuall y hi gher  under  native t han under  denat uri ng conditi ons.  Nonspecific bi ndi ng 
can be reduced by i ncl udi ng a  l ow concentration of  i mi dazol e ( 10- 20 mM)  i n t he 
lysis  and wash buffers. Nonspecific bi ndi ng i s r eflected i n t he l arger  nu mber  of 
pr ot ei ns  t hat  appear  i n t he first  wash.  I n our  case bot h wash fracti ons  see med t o be 
cl ear  (see Fi g.  3. 6)  whi ch shows  t hat  onl y Hi s-tagged pr ot ei n has  bound t o t he resi n, 
and most of t he unrelated prot ei ns were in t he fl ow-t hrough fracti on.  
Accor di ng t o manufact urer’s  recommendati ons  (Qi agen handbook,  2003),  i mi dazol e 
concentration i n el uti on buffer  shoul d reach 250 mM.  Ho wever,  consi derabl e a mount 
of  pr ot ei n was  l eft  bound t o resi n even after  four  el uti on st eps.  We  used el uti on 
buffer  wit h i mi dazol e concentration reachi ng 1 M.  SDS- PAGE anal ysis confir ms  t hat 
after  t hree el uti on st eps  wi t h 1 M i mi dazol e el ution buffer  most  of  pr ot ein i s  el ut ed 
(see Fi g. 3. 6). Ni- NTA resi n cont ai ns onl y prot ei n traces.  
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CONCLUSI ONS 
 
p60- kat ani n was  successfull y subcl oned,  and its  sequence was  checked.  No  fra me 
mut ati ons  have occurred,  p60- katani n i s  subcloned i n t he ri ght  ori entati on.  Ne w 
construct pET30a-p60 was obtai ned.  
 
Aft er  i nducti on subcl oned p60- katani n was  expressed,  t he bi ggest  a mount  of  t he 
pr ot ei n was observed after 12 hours of growt h.  
 
Subcl oned p60- katani n i s  expressed i n sol ubl e for m whi ch was  t he mai n ai m t o be 
achi eved i n t his  st udy.  Earlier  atte mpt s  t o express  p60- katani n resulted i n i nsol ubl e 
pepti de,  sol ubl e pepti de i s  obt ai ned f or  t he first  ti me.  Insol ubl e pepti de hi ndered 
pr oducti on of  monocl onal  anti body and synt hetic anti bodi es  were used until  now. 
Obt ai ned sol ubl e pepti de will be used for monoclonal anti body producti on. 
 
Sol ubl e pepti de was  successfull y purified under  nati ve conditi ons  wit h Ni -NTA r esi n 
whi ch enabl ed t o keep protei n conf or mati on undist orted.   Concentration of  purified 
p60- kat ani n reaches 0. 50 μg/ ml.  
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APPENDI X 
 
 
O b t n d :  3 8   
t g c a c c a t c a t c a t c a t c a t t c t t c t g g t c t g g t g n c a c g c g g t t c t g g t a
t g a a a g a a a  9 7  
           | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |  
| | | | | | | | | | | | | | | | | | | | | | | |  
T h e o r :  2    
t g c a c c a t c a t c a t c a t c a t t c t t c t g g t c t g g t g c c a c g c g g t t c t g g t a
t g a a a g a a a  6 1  
 
                                                                        
O b t n d :  9 8   
c c g c t g c t g c t a a a t t c g a a c g c c a g c a c a t g g a c a g c c c a g a t c t g g g t a
c c g a c g a c g  1 5 7  
           
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | |  
T h e o r :  6 2   
c c g c t g c t g c t a a a t t c g a a c g c c a g c a c a t g g a c a g c c c a g a t c t g g g t a
c c g a c g a c g  1 2 1  
 
                                                                        
O b t n d :  1 5 8  
a c g a c a a g g c c a t g g c t g a t a t c g g a t c c g a a t t c g c c c t t a t g a g t c t t c
t a a t g a t t a  2 1 7  
           
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | |  
T h e o r :  1 2 2  
a c g a c a a g g c c a t g g c t g a t a t c g g a t c c g a a t t c g c c c t t a t g a g t c t t c
t a a t g a t t a  1 8 1  
 
                                                                        
O b t n d :  2 1 8  
c t g a g a a t g t a a a a t t g g c t c g t g a g t a t g c a t t g c t g g g a a a c t a t g a c t
c t g c a a t g g  2 7 7  
           
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | |  
T h e o r :  1 8 2  
c t g a g a a t g t a a a a t t g g c t c g t g a g t a t g c a t t g c t g g g a a a c t a t g a c t
c t g c a a t g g  2 4 1  
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O b t n d :  2 7 8  
t c t a t t a t c a g g g a g t t c t t g a c c a a a t t a a c a a g t a t c t a t a c t c a g t c a
a a g a t a c a c  3 3 7  
           
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | |  
T h e o r :  2 4 2  
t c t a t t a t c a g g g a g t t c t t g a c c a a a t t a a c a a g t a t c t a t a c t c a g t c a
a a g a t a c a c  3 0 1  
 
                                                                        
O b t n d :  3 3 8  
a c c t c c a t c a g a a a t g g c g a c a g g t t t g g c a g g a a a t a a a c g t g g a a g c t a
a g c a t g t t a  3 9 7  
           | | | | | | | | | | | | | | | | | |  
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |  
T h e o r :  3 0 2  
a c c t c c a t c a g a a a t g g c a a c a g g t t t g g c a g g a a a t a a a c g t g g a a g c t a
a g c a t g t t a  3 6 1  
 
                                                                        
O b t n d :  3 9 8  
a g g a g a t c a t g a a a a c a c t g g a g a g c t t t a a a c t g g a c a g c a c t t c t t t g a
a a g c t g c a c  4 5 7  
           
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | |  
T h e o r :  3 6 2  
a g g a g a t c a t g a a a a c a c t g g a g a g c t t t a a a c t g g a c a g c a c t t c t t t g a
a a g c t g c a c  4 2 1  
 
                                                                        
O b t n d :  4 5 8  
a g c a t g a g c t t c c g t c c t c g g a a g g a g a a g t c t g g t c t t t g c c g g t a c c t g
t t g a a a g g a  5 1 7  
           
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | |  
T h e o r :  4 2 2  
a g c a t g a g c t t c c g t c c t c g g a a g g a g a a g t c t g g t c t t t g c c g g t a c c t g
t t g a a a g g a  4 8 1  
 
                                                                        
O b t n d :  5 1 8  
g a c c c t t a c c a g g a c c t a g g a a g c g c c a g t c t a c t c a g c c a c a g t g a c c c t
a a g c c a c a c  5 7 7  
           | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |  
| | | | | | | | | | | | | | | | | | | | |  
T h e o r :  4 8 2  g a c c c t t a c c a g g a c c t a g g a a g c g c c a g t c t a c t c a g -
c a c a g t g a c c c t a a g c c a c a c  5 4 0  
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O b t n d :  5 7 8  
a g t t a c c g g n c c a g g c g c a n t c n t c a g a g c t c a t c g a c c a t c t g c a c a g a g
t c t g c a c a g  6 3 7  
           | | |  | | | | |  | | | | | | | | |  | |  
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |  
T h e o r :  5 4 1  a g t a a c c g g -
c c a g g c g c a g t c g t c a g a g c t c a t c g a c c a t c t g c a c a g a g t c t g c a c a g  
5 9 9  
 
                                                                        
 
Fi g. A 1: Ali gnment results. Expressi on vect or part is underlined, T/ A vector part is 
in bol d, the rest is p60 part. 
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Fi g. A 2: pET 30a-p60 sequenci ng results. 
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